THE 
JOURNAL OF PHYSIOLOGY. 


EDITED BY 


MICHAEL FOSTER, M. D., F. R. S. 
AND 


J. N. LANGLEY, Sc. D., F. R. S. 


AIDED, IN THE SELECTION OF PAPERS FOR PUBLICATION, BY 


Pror. H. P. BOWDITCH U. S.A.). Pror. W. H. HOWELL (Barrmore, U. S. A.). 


Du T. LAUDER BRUNTON London): DAN A. SHERIDAN LEA (Camnniver). 

Pror. J. T. CASH (AsERpEEN). — Dra F. W. MOTT (Lonpow). 
Pnor. R. H. CHITTENDEN un, U.S. A.). Pnror. J. BURDON SANDERSON (Oxrorp). 
Pror. DAVID FERRIER E. A. SOHAFER (Lownon). 

Ewen. Pror. A. GAMGEE. Prov. C. 8. SHERRINGTON (Lavenrroor). 

Da W. H. GASKELL (Camsarer). Pror. W. STIRLING (Mancuestsn). 

4 Pnor. F. GOTOH (o Pnor. ANDERSON STUART (Sypvey, N. S. W.). 

Pror. W. D. HALLIBURTON (Lonpon). Dr A. WALLER 

Pror. VICTOR HORSLEY (Lonpon). Pror. H. C. WOOD U.S. A.). 


Vou. XXII. 
18971898 


LONDON: 
C. J. CLAY anp SONS, 
CAMBRIDGE UNIVERSITY PRESS WAREHOUSE, 
AVE MARIA LANE, 


~ 
Ge 
* 
4 
- 
> 
d 
1 
| 
| 
] 
¥ 
1 
* 
. 
4 4 
8 
4 
4 
1 
* 
7 
4 
— 


Cambridge: 


PRINTED BY J. AND C. F. CLAY, 


AT THE UNIVERSITY PRESS, 


* 77 
1 
‘ 
* 
* 
a 
‘ 
* 
i 
, 
‘3 
‘a 
. 
* 4 
> 
17 


CONTENTS OF VOL. XXII. 


Nos. 1 and 2. September l, 1897. 


On the Antagonistic Action of Digitalis and the Members of the 
Nitrite Group. By C. R. MansnALIL. (Nine Figures in Text.) 

The Pharmacology of the Chlor-Hydrins : a Contribution to the 
Study of the Relation between Chemical Constitution and Physio- 
logical Action. By C. R. MansnALL and H. LL. Hears. 20 
Figures in Text.) 


Experimental on the Adductor J By 


Purves Srewart, M. A., M.D. (Three Figures in Text.) 

On the Influence of Muscular Exercise, Sweating, and Ma 
on the Metabolism. By J. C. Duntop, M. D., F. R. C. P. (Ad.); 
D. Paton, M. D., F. R. C. P. (Ad.), B. Se.; R. Stockman, M. D., 
F. R. C. P. (Ad.); and Ivisox Maccapam, F. R. S. (Ed. 


A new Method of distinguishing between and Inorganic 
Compounds of Iron. By A. B. Macattum, M. B, Ph.D. 


A Contribution to the Study of Geotaxis in the oe e 
By C. B. Davenport, and Perkins 


On the General Physiological Effects of Extracts of the Suprarenal 
Capsules. By Swalx Vincent, M.B. 


A further Study of Glycogencsin By D. Nout Paron, 
M. D., F. R. C. P. (#d.). 


The Photometry of Coloured 8 By W. H. R. Bivins, M. D. 


The Formation of Uric Acid in Man, and the Influence of Diet on 
its Daily Output. By WILLIAM J. Surrn Jerome, M. B. (Lond.) 


No. 3. November 20, 1897. 
Researches on the Circulation Time and on the Influences which 
affect it. By G. N. Srewarr, M. A., D. Sc., M.D. 


On Hal Derivates from Proteids. By F. Gowraxnp 8 
and Francis W. Broox .. 


On the Paths of Absorption from the Peritoneal Cavity. By 
S. J. Muuezer, M.D. 


On the Elimination of Water and * Carbon Dioxide 3 
Inflamed Skin. By WaRRLN Barratt, M.D. . 


On the Regeneration of Pre-Ganglionic and of Post Ganglion 
Visceral Nerve Fibres. By J. N. Lanauey, F. R. S. 


The Absorption of Oxygen by the Lun By Jonx Rabens 
M. D., F. R. S., and J. Lonnaix Surra, M. D. (One Figure in Text.) 


PAGE 


61 


215 


| 
i 
68 
92 
99 
111 
121 
137 
159 
184 4 
198 
206 q 
231 


iv OONTENTS. 


No. 4. February 17, 1898. 


The Vaso-Constrictor Fibres of the great Auricular Nerve in the 
Rabbit. By W. M. Fieronsr, B. A. ; 

The Cortical Motor Centres of the Opossum, Didelphys Virginiana 
By R. H. Cunninenam, M.D, (One Figure in Text.) . 

Further Observations upon the General Physiological Effects of 
Extracts of the Suprarenal Capules. By Swan Vincent, M. B. 

A Comparison of the Physiological Actions and Chemical Consti- 
tution of ridine, Coniine, and Nicotine. By B. Moore and 
R. Row. (Five Figures in Text.) . 

Preliminary Note on Certain Undensribed in the 
Function of the Uterus and Fallopian Tubes in the Human sits 
and in some of the Mammalia. By C. J. Bonn, F. R. C. S. 


A Contribution to the Chemistry of Hemoglobin and its 1 f 


mediate Derivatives. By Jonx HAL M. D., F. R. S. 

The Influence of Pathological Conditions on iActive Absorption of 
Oxygen by the Lungs. By J. Lorrain Surrn, M.D. 

Decerebrate Rigidity, and Reflex Coordination of W By 
C. S. SHerrineton, M. A., M. D., F.R.S. (Three Figures in Text.) 

The Physiology of the Salmon in Fresh Water. By Francis D. 
Borp; James ©. Duntop; A. LockHarr Gittespiz; G. LovELL 
GuLLAND ; E. D. W. Gnnie; S. C. Manaranosis; M. I. 
and D. Nort PaTon . 


No. 5. March 17, 1898. 


On the Origin, Course and Cell-connections of the Viscero-motor 
Nerves of the Small Intestine, By J. L. M. D., B. So. 
Figures in Text.) 

An Intestinal By Asrnun B. So. 
(Lond.). (Three Figures in Text.) 

The 
in Saliva, and upon the Work done by the Gland. By O. F. F. 
Grinpaum, B. A., B.Sc. (One Figure in Text.) ‘ 

On Hepatic Glycogenesis. By F. W. Pavy, M. D., LL.D., F. R. S. 

The Precipitation of Carbohydrates by Neutral Salta Sess ™ A. 
Youne, M.D., B. Se. (Lond.), M. R. C. F. 


Hydrolysis of Glycogen. By M. Curistine ‘Tass 


No. 6. April 25, 1898, 


On Intermittent Stimulation of the Retina. Part II. ba be F. F. 
Grinpaum, B. A., B.Sc. (Five Figures in Text.) 

On Urobilin. Part II. The Percen Composition of Urobilin, 
By F. Gowianp Hopkins, M. B., I. C., and AnchnAID E. 
Gan ROD, M. A., M. D., F. R. C. P. : 


259 
264 
270 


273 


296 
298 
307 
319 


333 


357 


433 


451 


380 
385 
391 
401 

4 . 423 


CONTENTS. v 


PAGE 
Some Improved Methods of Gas Analysis. By Jonx Hatpane, 

M. D., F. R. S. (Six Figures in Text.) , 465 
Contributions to the Physiology of Unsirinted e Tissue. 

Part IV. The Action of Electrical Stimuli upon the Csophagus of 

Aplysia Depilans, and Aplysia Limacina. By Dr Puinie Borrazzt . 481 


4 


PROCEEDINGS OF THE PHYSIOLOGICAL SOCIETY. 


November 13, 1897. 


A. D. Waller. 
and upon i 


W. H. Thompson. Tho influence of Peptone and Alban an the 
Function of the Kidney xi 


George J. Burch. PP xii 


December 11, 1897. 


Sydney Ringer. The action of Distilled Water on Tubiſen xiv 
Harold Barnard. The action of Morphia, ee ere 
meter xv 
Influence of the Force of 
Gravity on the Circulation of Man xix 
Ernest Solly. ‘A Modification of Oliver's Heunoglobinometer 


January 15, 1898. 


Ernest H. Starling. On Absorption from the Peritoneal Cavity . . xxiv 


J. Lorrain Smith, The 0 gen Tension of the Arterial Blood in various 
xxix 


February 12, 1898. 
F. J. Allen. The Causation of Muscle Sounds xxxi 
F. Gotch and G. J. Burch, Electrometer Records of the response of 
Nerve to a single Stimulus . ; xxxii 
Preliminary Account of the Effects 
Blood-pressure produced by the intra-venous re of 
uids containing Choline, Neurine or allied Products XXxiv 
F. W. Mott. Unilateral disuse Atrophy of the Fillet, Arciform 
Fibres and Posterior Column Nuclei resulting from * 
mental lesion ina Monkeyhÿcl,s/ ::: xxx 


* 
‘ 
Z 
5 
4 
— 
— 
‘ 
0 
* 
Z 
* 
7 
* 
* 


vi CONTENTS. 


endings in Smooth Muscle 


xXx 
Swale Vincent. On Hemolymph and Hemal stete Glands ese xl 
Wakelin Barratt. On the Anatomical Structure of the Vagus Nerve xlii 


March 12, 1898. 


Harold L. Barnard. The Functions of the Pericardium . .  xhii 
Swale Vincent. The Nature of the Suprarenal Body of the Hel and the 
Effects of its Removal . ; viii 
On New Method of recording Alterations of 
G. Oliver. li 
Synoope produced in Rabbits by the Vertical Fest down ai 
B. Moore and C. J. I. Krumbhols, On the Relative Power of various 
Forms of Proteid in conserving Emulsions . ; liv 
E. Waymouth Reid. Intestinal Epithelium and Absorption. lvi 


Swale Vincent. The Administration of Suprarenal Capsules by the Mouth . lvii 


J. L. Bunch. The Vasomotor Influence of the Vagus on the Small 


LIST OF AUTHORS. 


Barratt, Wakeuin. Excretion from Inflamed Skin ; 206 - 
Bonn, C. J. Uterus and Fallopian Tubes 296 
Borrazzi, Puitip. (Hsophagus of Aplysia’ 481 
Boyp, Francois D., and others, Physiology of the d 333 
Bnook, Francis W., and Hopkins, F. Gow.anp. Proteid 
Derivatives 184 
R. H. Motor Centres of Opossum. . 264 
Davenport, ©. B. and Perkins, Geotaxis . 9 
Duntop, J. C., and others. Muscular Exercise and Metabolism . 68 
Duntop, James C., and others. Physiology of the Salmon 333 
Epmunps, Anrnoun. Intestinal Plethysmograph . 380 
Fietouer, W. M. Vaso-Motor Fibres of the Ear . . 259 
Garrop, E. and Hor kms, F. Gow.anp. Urobilin . 4651 
Gittespiz, A. LockHart, and others. Physiology of the Salmon . 333 
Gnntd, E. D. W., and others. Physiology of the Salmon ; . 833 
Grinsaum, O. F. F. Secretion of Saliva ; . 885 


Griweavum, O. F. F. Retinal Intermittent Stimulation . ; . 433 


* 
a 
lviii 
> 


LIST OF AUTHORS. vii 


Gutianp, G. Lovett, and others. Physiology of the Salmon . 333 
Jonny, and Surrn, J. Lorrain. Absorption of 231 
Hatpang, Chemistry of Hemoglobin . . 298 
Hatpang, Jonx. Gas Analysis : 465 


Hearn, H. LL. and Marsnatt, C. R. Action of OklorHydrins 38 
Hopkins, F. Gowianp, and Broox, Francis W. Halogen Protea 


Derivatives 184 
Hopxtiys, F. Gow ann, E. Urobilin . 451 
Jerome, WILLIAM J. Smits. Uric Acid Formation 3 146 
Lanouiey, J. N. Regeneration of Sympathetic Nerves . ‘ . 215 
Macattum, A. B Iron Compounds. > . 92 
Maccapam, Ivison, and others. Muscular 1 and Metaboliem . 68 
Manatanosis, S. C., and others. Physiology of the Salmon 333 
Marsnatt, C. R. Digitalis and Nitrite Group : : 1 
MansnakL, O. R. and Hearn, H. LI. Action of Chlor-Hydrins . 88 
Meurzer, S. J. Peritoneal Absorption ‘ 198 
Moonx, B. and Row, R. Piperidine, Coniine, Ni dentine 273 
Newsiern, M. I., and others. Physiology of the Salmon 8 333 
Paton, D. Hepatic Glycogenesis . 
Paton, D. Nönt, and others. Muscular Metabolism . 68 
Paton, D. Nönt, and others. ew of the Salmon . 833 
Pavy, F. W. Hepatic Glycogenesis 391 
Perkins, Heven, and Davenport, C. B. 
Rivers, W. H. R. Coloured Photometry é 15 „ 
Row, R. and Moors, B. Piperidine, Coniine, Wicotine . 273 
Suzrrineton, C. 8. Decerebrate Rigidity 319 
Surrn, J. Lorrain, and Hatpans, Jonx. of 231 
Surrn, J. Lorrain. Oxygen Absorption by the 307 
Srewart, G. N. The Output of the Heart ‘ ‘ . 159 
Srewart, Purves. Crossed Adductor Jerk 
Srockuax, R., and others. Muscular Exercise and Metabollam a 
Tzss, M. Curistinz. Hydrolysis of Glycogen 2 423 
Vincent, Swarz. Physiological Effects of Suprarenal 


Vincent, Swartz. Further Observations on Suprarenal — . 270 
Younes, R. A. Precipitation of Carbohydrates ; . 401 


* 
— 
> 
4 
* 


viii LIST OF AUTHORS. 


Proceedings of the Physiological Society. 


Alix, F. J. Causation of Muscle Sounds 

BaRnarD, H., and others. Gravity and Circulation . 

BaRNARD, Harotp. Volume of the Heart ‘ 

BaRNAn DU, Harotp L. Functions of Pericardium 

Barratt, Waketin. Structure of the Vagus 
Bunk, J. L. Vagus on Vessels of Small Intestine... 

Burcu, Grorce J. Artificial Temporary Colour Blindness 
Fiercner, W. M. Nerves of Smooth Muscle 

Gorcon, F., and Buron, G. J. Response of Nerye to Single Stimulus 
Griweavum, O. F. F. Apparatus for Alterations of Pressure ‘ 
Hatirpurton, W. D., and Mort, F. W. Choline and. Neurine on Blood- 


pressure . 
HIIL, LEonarp, and others, Gravity and Ciroulation 
Hul, Leowarp. Arterial Pressure in Man 

HII, Lzonarp. Syncope and Blood-pressure . 

C. J. I. and Moors, B. Proteids and Thiehions 
Moors, B. and Krumsuorz, C. J. I. Proteids and Emulsions P 
Mort, F. W., Ohdline 04 
Mort, F. W. Atrophy of the Fillet . 

Ov, G. Pulse Pressure Gauge 


Rum Waymourm. Intestinal Epithelium and Absorption . . 
Ringer, Sypney. Action of Distilled Water on Tubifen 1 xiv 
Surrn, J. LORRAIN. Oxygen Teasion of Arterial Blood 55 


Sotty, Ernest. Hem 
A. B., and others. Giavity and Circulation xix 
Srariine, Ernest H. Absorption from Peritoneal Cavity xxiv 
Tompson, W. H. beet of Peptone and Albumoees on the Kidney xi 
Vincent, Hemolymph Glands. 
Vuscent, Swatz. Suprarenal body of the Eel. . 
Vuycunt, Swate. Administration of Suprarenal Bodies lvii 
WaIIIn, A. D. of Reagents on Nogatve Variation and 
Currents : i 


2 
— 
d 
Lt 
7 
i 
+ 
‘ 
‘ 


ON THE ANTAGONISTIC ACTION OF DIGITALIS 
AND THE MEMBERS OF THE NITRITE GROUP. 
By C. R. MARSHALL, Assistant to the Downing Professor 
of Medicine. (9 Figures in Text.) 


(From the Pharmacological Laboratory, Cambridge.) 


THE aim of the present research was to determine as far as possible 
the exact action of digitalis and vaso-dilators in combination. This 
treatment, recommended some years ago by Huchard’, has of late 
been advocated by several other physicians, and with the exception 
of statements by Whittaker and Atkinson I knew of no experimental 
observations on the matter. Whittaker’ says that “Robinson finds 
he is able to neutralise the effect of digitalis in contracting the 
vessels by the simultaneous administration of nitroglycerine,’ and 
Atkinson“ that neither the administration of digitalis before or 
after the nitrites made any difference in the time of death.” Quite 
recently I came across an experiment by Openchowsky“ in which 
he observed the effect of helleborein on the blood-pressure after the 
previous administration (by inhalation) of amyl nitrite. He found 
that more digitalis was required to raise the pressure, and that this 
did not reach the same height as under normal conditions. The 
action of the inorganic nitrites and organic nitrates in counteracting 
the effect of digitalis on the circulation has however not been 
determined, and as these are the substances mainly used for this 
purpose an accurate knowledge of the question is of importance. 
The effect of digitalis on the action of the nitrites also needed 
attention. 

Before dealing with the experimental part of the paper it will be 
well to review the pharmacological action of a and the nitrite 
group separately. 

1 Maladies du Coeur et des Vaisseaux, 1889, p. 765. 

* Twentieth Century Practice, rv. p. 331. 1896. 
Journ. Anat. and Physiol. XXI. p. 871. 1888, 

* Zeitech. f. klin. Med. XVI. p. 201 (Versuch vi.) . 1889. 
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2 . R. MARSHALL. 


Pharmacologica Action of Digitalis. 


The action of digitalis has been a debatable point ever since its 
introduction into medicine. Regarded at first as a sedative to the 
heart it has been shown by experimental observation to be in reality 
a tonic; that instead of diminishing the cardiac power it markedly 
increases it. Its mode of action however is still unknown, By 
various investigators it has been regarded as acting mainly on the 
vagus centre, the terminations of the vagus nerve, the cardiac ganglia, 
the accelerator nerves, the heart muscle, and even upon the vessels. 
At the present time there is a tendency to attribute its action mainly 
to an effect upon the myocardial tissue. Francois Frank’ observed 
the action of digitalis on the non-gangliated apex of the tortoise 
heart, and Karewski* obtained a similar effect on the corresponding 
preparation from the frog. 

The question however arises as to whether the tonic influence of 
digitalis is a special effect of the systole, or of diastole, or of both? 
Schmiedeberg“ and Williams“ believe that there is an increased 
diastolic extensibility without any change in the contractility. The 
elastic resistance of the heart is diminished and there is an increased 
diastole : as the heart contracts to its former volume in systole more 
blood is expelled and consequently more work accomplished. A 
similar view is advocated by Stefani and Gallerani®. These 
observers, accepting Luciani’s view of an active diastole, believe 
that digitalis augments this, but, as Francois Frank“ points out, 
their method of investigation (increasing the pericardial pressure) is 
not without its faults, as the resisting power of the auricles is not 
taken into account. Cushny" however, in a recent communication, 
states that the muscular action of the auricles is at first entirely 


1 Bull. Soc. d Anat. ede nor, path. de Borde 1881. 

2 Diss. Berlin. 1881, p. 14. 6 

> Grundriss der Areneimittellehre, 8. Aufl. p. 168. 1895. 

* Arch. F. exp. Path. u. Pharm. XI. p. 9. 1880. Karewski (loc. cit. p. 19) states 
that an increase in elasticity occurs at first, but is soon lost. ; 

5 Arch. p. I. Se. Medic he, Xv. p. 219. 1890. 

Bull. de Acad. de Mad. 8° ser. XXIV. p. 21. 1895. 

7 Journ. of Exp. Med. u. p. 254. 1897. A complete account of the views which 
have been held regarding the action of digitalis would be out of place here. A useful 
bibliography will be found at the end of Cushny's paper. 
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absent or is masked by the effect of the drug upon the inhibitory 
terminations. If so Frangois Frank’s objection falls to the ground. 
The most recent views of the action of digitalis are those advanced 
by Openchowsky, Frangois Frank, and Cushny. Francois 
Frank! believes that the principal factor in digitalis action is the 
systole, but he also admits a greater amplitude of the diastole. The 
effect is both a muscular and nervous one. He points out that 
Traube’s theory of a selective action on the terminal filaments of 
the inhibitory nerves is not tenable, as the slowing of the pulse by 
digitalis is accompanied by an increase in force. This effect however 
he states can be obtained by simultaneous stimulation of the in- 
hibitory and accelerator nerves, and he believes that irritation of the 
terminations of these nerves is an important factor in digitalis action. 
The other factor is the direct effect on the muscle substance. Cushny’, 
in the latest contribution to the pharmacology of digitalis, advances a 
similar theory, and apparently independently, as he does not appear 
to have been aware of Francois Frank’s investigation. Cushny 
believes that digitalis acts on the vagus (centre and periphery) and 
on the heart. He describes two phases. In the first the most 
marked feature is the stimulation of the pneumogastric (vagus stage): 
in the second the chief effects are an acceleration and periodic changes 
in the strength of the contractions (periodic or irregular stage), The 
latter is due to a direct action on the cardiac muscle itself, but even 
in the first stage he believes that the heart is influenced directly, and 
that “variations in the tracings of this stage are due to differing 
degrees to which these two factors (ie. vagus stimulation and muscular 
action) are in activity in different hearts*.” Later he says, the only 
difference (from vagus stimulation) during digitalis action is the 
increase in systole which is generally present. This is undoubtedly 
due to the muscular action of the poison as in the rest of the first 
stage. In some cases however the inhibitory action is so strong as to 
conceal the increase in systole, so that the tracing may correspond 
completely to that obtained on stimulation of the vagi““ Cushny 
therefore differs from Francois Frank in attributing to digitalis 
an action on the vagus centre, a greater effect on its peripheral 
terminations, and in ignoring the action on the accelerator nerves. 
Openchowsky* advanced the view that digitalis acted mainly on 


1 Loe. eit. p. 17. ® Loe. cit, p. 283. 
Loe. cit, p. 245. * Loc. cit, p. 252. 
5 Loe. cit. 
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the left ventricle and had but little influence on the right. In 
blood-pressure experiments he found that, after the administration 
of helleborein, the rise of blood-pressure in the general circulation 
was not accompanied by a corresponding rise in the pulmonary one, 
and by direct observation of the heart after digitalin he found the 
right ventricle dilated, beating with diminished power and much 
more frequently than the left, which was contracting powerfully. 
Furthermore, he saw the coronary artery of the left ventricle markedly 
dilated, and small branches not previously visible pulsating distinctly, 
while that of the right was contracted. He leans to the view that 
this dilatation is an active one, and he is inclined to attribute to it a 
marked influence in the action of digitalis. Openchowsky’s view 
is supported by Hegar and Bayet’, who mainly rely on blood-pressure 
experiments. Regarding Openchowsky’s investigation by the simple 
method of observation, Cushny remarks that “the assertion is natural 
but incorrect.” Both Frangois Frank and Cushny have independ- 
ently disproved this theory and have shown that under all conditions 
the right and left ventricles act in unison. 

It seems to me that the action of digitalis is a chemical one on 
the myoplasm of the cardiac cell itself*. The effects of stimulation 
of the inhibitory and accelerator nerves may be produced in the early 
stages, but whether this results from changes brought about in the 
oontractile substance, or whether they are due to a true stimulation of 
the inhibitory and accelerator nerves apart from the muscle cells is a 
debatable point. As all observers are agreed that an action on the 
muscular substance exists in all phases of digitalis action, and as this 
is almost the only effect desired in practice, this influence for the 
present must be regarded as the predominant one. 

On the blood vessels digitalis exerts a powerful constricting 
influence. This has been proved by direct observation of the 
vessels, by perfusion experiments, and by its influence on the 
blood-pressure in animals, and the pulse in man. This view is now 
accepted by the majority of pharmacologists. Schmiedeberg“, 
however, still believes that the vascular action is a transient one, if 
it exists at all. As this subject has been recently dealt with in an 


1 Bull, de VAcad, roy. de Med. de Belg. 4° ser. vt. 401. 1892. 

In connection with the chemical view of the action of digitalis it is interesting to 
note that Kiliani found that after digitalinum verum had been deprived of a molecule 
of water by treating with acetic anhydride it lost its poisonous activity. 

* Grundriss der Areneimittellehre, 3. Aufl. p. 170. 1895. 
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admirable paper by Brunton and Tunnicliffe’ I shall not deal 
with it further. 


The action on the vessels is probably a direct one on the muscular 
tissue in their walls. In some perfusion experiments Donaldson 


1 This Journal, xx. p. 354. 1896: 


Brunton and Tunnicliffe state that Thomson's and Goldenburg’s monographs 
have not been accessible to them. As considerable stress has been laid upon the 
experiments of these observers by those who deny the vessel-contracting power of 
digitalis the following brief account will be of interest and will serve to supplement 
Brunton and Tunnicliffe’s paper. Thomson (“ Ueber die Beeinflussung d. periph. 
Gefiisse durch pharmakol. Agentien,” Diss. Dorpat, 1886) experimented with Schmeide- 
berg’s digitoxin and Gehe's digitalein, and he places them among substances dilating 
vessels’ (Tab. m. A.). Part of his conclusions runs as follows (p. 99)—“ According 
to my researches adonidin also contracts the vessels. On the contrary, by perfusing 
digitoxin and especially digitalein, the results were otherwise. If a foot or a spleen was 
perfused by these substances a diminution of the outflow always appeared ; if however a 
kidney was perfused an increase in the outflow constantly occurred with digitalein. 
Digitoxin acted similarly but the result was not so constant: in 8 of the 10 experiments 
diminution in the outflow occurred. This happened in the main with small doses, so that 
perhaps it may be due to this condition. Perhaps also dilatation of the renal vessels only 
appears so long as the renal ganglia remain active, which is not always the case in perfusion 
experiments.” 


Goldenburg (“ Experimentelle Untersuchungen einiger Digitalisspecies’’ Diss. 
Dorpat, 1892) says (p. 113)—“ Digitalein and digitalis-infusion first dilate, and soon 
afterwards contract, the renal vessels of warm-blooded animals.” Goldenburg also 
states (p. 84) that Rothenberg (Diss. Wurzburg, 1885) obtained dilatation of the 
vessels in frogs with commercial digitalin. 

An examination of Goldenburg’s experiments does not appear to me to prove any 
vessel dilating power of digitalis whatsoever. With 1—100,000 digitalein (Versuch 16, 
p. 58) marked contraction occurred from the first. The only other perfusion experiment 
given (Versuch 50, p. 98) was made with Digitalis Ferruginea (1 part of the leaves to 
5000 of blood). Slight dilatation for the first minute after perfusing the poisoned blood, 
followed by very marked contraction, resulted. As the dilatation was so slight and 
transient and the substance not even approximately pure, very little stress can be 
laid on this occurrence. It is very doubtful whether the substance reached the vessels 
during the first minute. 

Thomson’s results are more difficult to understand. In one experiment he obtained 
tremendous dilatation of the renal vessels. Why the blood vessels of the kidney should 
react so differently from those of other parts of the body he does not explain. Nerve 
ganglia exist in the vessels of other organs, and if the conditions of experiment were 
the same (as presumably they were), these ought to be as readily affected as those of the 
renal vessels. Moreover Thomson's results are in marked contrast to those of Phillips 
and Bradford on the intact kidney (this Journal, vim. p. 128), where the nerve-ganglia 
are in a more normal condition. In a number of experiments with digitalin on the 
excised kidney, carried out in a similar manner to those of Thomson, I never failed 
to get contraction of the blood vessels. In contradistinction to Rothenberg also I have 
never obtained anything but contraction from the vessels of the frog. . 
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and Stevens! obtained a constricting effect after previous perfusion 
of curare, and Kobert“ got the same action in decomposing organs 
and at low temperatures when presumably the nerve terminations 
were paralysed. 

Upon the circulation as a whole digitalis exerts the following 
action 

(1) Rise of arterial pressure, as a rule, but not necessarily 
accompanied by diminution in the frequency of the heart-beat. 

(2) Continued rise of blood-pressure with increase of the pulse 
rate. 

(3) Continued high pressure with great irregularity of the heart. 

(4) Rapid sinking of the blood-pressure, failure of the heart, 
stand-still, and death (Schmiedeberg.) 

With large doses intravenously injected any slowing of the heart 
(first stage) is transient and is quickly succeeded by the second stage, 
which is usually of considerable duration. Under these circumstances 
the blood-pressure curve is also often markedly influenced by the 
respiration. 

In man‘ similar effects to those produced on animals are obtained, 
but these are necessarily modified by the mode of administration and 
the presence of disease. In healthy individuals the pulse cannot be 
influenced except by considerable doses of digitalis, and even in 
diseased conditions its action is extremely slow. The digitalin 
purum of the German Pharmacopoeia, which is soluble in water, is 
unable to produce any effect under 4—6 hours, and generally when 
small doses are given to heart cases it is 12—24 hours, and more 
often 36—48 hours before any action is manifest. Occasionally no 
effect is obtained for three days. To obtain sphygmographic evidence 
of the effect of digitalis we have usually to wait several days and for 
a marked effect even weeks. | 

The only other action of digitalis with which we are concerned is its 
diuretic action, and regarding this much difference of opinion has been 
expressed. Winogradoff*, Mairet“, and others failed to produce 
it in healthy men, while Joerg’, Hutchinson“, and Hammond’, 


1 This Journal, rv. p. 165. 18838. 

2 Arch. f. exp. Path. u. Pharm. xxu. p. 77. 1887. 

* Kobert in Schmidt's Jahrbuch, Bd. 197, p. 188. 1883. Brunton’s Pharmacology etc. 
1887, 996. 

Lewin, Die Nebenwirkungen der Areneimittel, 2, Aufl. 624. 1893. 

5 Referred to by Brunton On Digitalis,” 1868, pp. 15, 38, 39. 

® Schmidt’s Jahrbuch, Bd. 197, p. 201. 1888. 
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generally obtained it. Brunton, experimenting on himself with 
great care, obtained undoubted diuresis, but only after comparatively 
large doses. Experiments on animals seem to show a diuretic action. 
Bouley and Regnal’ obtained it on horses, and Siegmund“ and 
Pfaff“ on rabbits, but Pfaff failed to obtain any definite increase in 
dogs and cats. Phillips and Bradford‘ however obtained it in dogs. 
Lewin“ states that if the blood-pressure remains of normal height 
there is usually no change in the urinary secretion, but Pfaff in some 
of his experiments obtained undoubted diuresis without any marked 
alteration in the blood-pressure. This would point to a direct action 
on the kidney itself, an effect not generally admitted. Phillips and 
Bradford however think that digitalis acts as a diuretic independently 
of its action on the heart. With large doses Brunton and Power“ 
obtained diminution in the urinary excretion in dogs, and the same 
result has constantly occurred in my own experiments with rabbits. 
This is probably due to an irritant action on the renal tissue (as the 
urine invariably contains blood) and to contraction of the arteries 
diminishing the amount of blood passing through the kidney. In 
disease a diuretic effect with digitalis is often obtained, but this is 
almost exclusively confined to cases of heart failure. In those the 
increased urinary excretion is probably wholly dependent upon the 
circulatory changes and very slightly, if at all, upon a true renal 
stimulation. 


Action of the members of the Nitrite Group’. 


The members of this group include most of the inorganic nitrites, 
and the nitrite and nitrate esters of the alcohols. For convenience of 
description they may be divided into— 

(1) the imorganic nitrites of the alkali metals, strontium and 
calcium *, | 
(2) the nitrite esters of the mono-hydric alcohols“, 
1 Referred to by Brunton On Digitalis,” 1868, pp. 15, 38, 39 
2 Virchow’s Arch. M. p. 288. 1854. 
3 Arch. f. exp. Path. u. Pharm. XXII. p. 1: also Diss. Strassburg, 1893, 
4 Loe. eit. p. 128. 5 Loe. cit. p. 624. 
Proc. Roy. Soc. XXII. p. 420. 1874. 
7 Further evidence of the action of these compounds will be given in a subsequent 


The other inorganic nitrites are therapeutically unimportant. In most cases the action 
of the metal is predominant and antagonistic to that of the nitrite radicle. 

® Ethyl nitrite being a gas is generally administered oo 
and under these circumstances its effect is more nearly allied to group (1). 228 
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(3) the nitrate esters of the monohydric alcohols, 

(4) the polyatomic nitrate esters of glycerine and glycol, 

(5) the nitrate esters of the solid polyhydric alcohols (erythrol, 
mannitol, etc.). 

All these substances dilate blood vessels but they differ in the 
duration and degree of their action. They are also muscle poisons and 
they probably produce their effect by acting directly on the muscular 
tissue of the vessel walls. Although other views of their action have 
been held the mass of evidence points to this local effect. The action 
is readily demonstrated on isolated vessels by the method of perfusion, 
on the blood-pressure, either with or without previous section of the 
cord, and by means of the sphygmograph on the pulse in man. For 
practical purposes the last method is of great value, as it not only gives 
the degree but also the duration of action of these compounds, 

The inorganic nitrites (sodium nitrite, &.) are crystalline bodies, 
readily soluble in water and well borne by the stomach. In doses of 
0°13 grm. (2 gr.) they begin to reduce the tension of the normal pulse in 
3—4 minutes, they reach their maximum effect in 15—30 minutes, and 
the effect completely passes away in from 90—180 minutes’. Under 
ordinary conditions the substances are probably decomposed in the 
stomach into the free acid, but in the blood they again form the 
sodium salt, 

The fatty organic nitrites, the members of the second group, are 
administered by inhalation. They affect the pulse within 10 seconds, 
and continue their action for about 2 minutes. The effect during this 
time is very powerful and a slight effect may also be seen for 20—30 
minutes longer“. 

The monatomic nitrate esters are liquid bodies but slightly soluble 
in water. In doses of 0°6 c.c. (10 minims in capsules) they begin to reduce 
pulse tension in 2—3 minutes and they keep it reduced for 5—6 hours’. 
The reduction, though marked, is less than that produced by sodium 
nitrite and nitroglycerine, but it is more even and prolonged. 

The liquid polyatomic nitrate esters (glycol and glycerol nitrates)‘ 


1 Leech. The Croonian Lectures—British Medical Journal, July 1st, 1898, p. 6. 

2 Leech, loc. cit. p. 5. 

3 For the effect of methyl nitrate see Bradbury, The Bradshaw Lecture for 1895, 
British Medical Journal, Nov. 16, 1895, p. 1218. For that of ethyl, propyl, and butyl 
nitrates see Leech, loc. cit. July 8, p. 58. 

‘ Nitroglycerine and nitroglycol are in reality nitrates and not nitro-compounds 
(Hay, Trans. Roy. Soc. Edin. vol. XXII. pt. 1, p. 67). 
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are powerfully acting drugs. They are comparatively insoluble in water 
but readily soluble in alcohol. In doses of 000065 grm. ( 4, grain 
in 1% alcoholic solution) nitroglycerine reduces the pulse tension in 
2 minutes and keeps it below normal for 141—3 hours’. The period of 
greatest activity is during the first half-hour; that of maximum 
intensity from the fifth to the tenth minute. Nitro-glycol has a 
similar action to nitroglycerine but is more transient and slightly 
more powerful“. 

The solid polyatomic nitrate esters have only recently been intro- 
duced into medicine. As yet only two have been investigated, 
erythrol tetra-nitrate and mannitol hexa-nitrate, and of those the 
erythrol compound is the more powerful. It is a colourless crystalline 
body almost insoluble in water, but like the other nitrate esters, soluble 
in alcohol and ether. In doses of 0065 grm. (1 grain) in pill form it does 
not reduce the pulse tension until 30—50 minutes have passed, but the 
tension then remains below normal for 5—9 hours, or even longer. If 
given in alcoholic solution an effect is obtained in a few minutes and 
the duration of its action is scarcely altered. The effect is not so 
great as that obtained by nitroglycerine, but it is more even and 
sustained. The mannitol compound is less soluble and less active 
than that of erythrol but otherwise its action is the same. 

Upon the heart directly the members of the nitrite group exert a 
slight depressing effect. On the excised frog’s heart they cause an 
increase in the frequency of the beat with diminution in the height of 
the curve. In man the effect in the heart is mainly an indirect one. 
Owing to the diminished resistance in the arterioles the heart beats 
more quickly and apparently more forcibly, and palpitation and other 
subjective symptoms not infrequently occur. But I am inclined to 
believe that even after medicinal doses of nitroglycerine a transient 
depressing effect upon the heart results, Pulse-tracings taken during 
the fitst few minutes of its action show a peculiar condition. The pulse 
is of very low tension but the percussion-wave is not increased and the 
dicrotic wave is less prominent than we should expect it to be. This 
result I have constantly obtained in a large number of cases. It may 
be that the condition is a pure vascular one and that the sudden 
dilatation of the arterioles in the body so alters the condition of the 
circulation that some minutes are necessary to readjust the balance; 


1 Leech, loc. cit. p. 6. 
* Bradbury, loc. cit. 1215. 
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but a more probable explanation is its action on the heart, and this 
receives support from experimental observations. 

On the blood in vitro most members of the nitrite group produce a 
decided action, sooner or later, the time varying with the individual 
drug—almost immediately after addition of the nitrites, much later 
when organic nitrates are used—an absorption band appears in the red 
of the spectrum, and occupies the position of the met-hemoglobin band. 
(Methyl nitrate added to blood outside the body does not appear to 
produce met-homoglobin.) According to recent investigations the 
addition of nitrites to blood produces a complicated change; part is 
converted into met-hemoglobin, and part into nitric-oxide hemoglobin’. 

Given internally all the more active substances of the nitrite group 
produce met-hsemoglobin if administered in sufficient quantity, and it is 
probably in this way, ite. as blood poisons that these substances produce 
their lethal effect. Haldane, Makgill and Mavrogordato“ state 
that “in oxygen at high pressure an animal continues to live after 
receiving what would otherwise have been a fatal dose of nitrite, the 
oxygen present in simple solution being sufficient to support life after 
destruction of the hemoglobin. If the animal be kept sufficiently 
long in oxygen its blood recovers completely.” But even under ordinary 
conditions the production of met-hzmoglobin is not always followed by 
a fatal result. Henocque“ watched the formation of met-hemo- 
globin in the blood of rabbits treated with sodium nitrite with the 
spectroscope, and saw it return to oxy-hæmoglobin again, and I have 


several times seen a distinct brown coloration of the conjunctiva 


followed by complete recovery. 

Upon the urinary secretion nitrites in medicinal doses exert little 
effect. Murrell' after administering nitroglycerine to a case of ectopia 
vesices obtained very marked increase in the quantity of urine passed, 
and Dana’ obtained a diuretic effect on five men on whom he experi- 
mented. He failed, however, to obtain diuresis “in two cases of 
kidney-disease with acute symptoms, probably ingrafted on a chronic 


Personal observations unpublished. 

Haldane, Makgill and Mavrogordato. This Journal, XXI. p. 160. 1897. 

3 “ Amyl nitrite in excess causes further changes, a body apparently identical with 
photo-methwmoglobin being formed,” Haldane, Makgill and Mavrogordato, loc. cit. 


p. 176. 


Proc. Physiol. Soc., Nov. 14th, 1896. 

5 Comptes Rendus de la Soc. de Biologie, vw ser. t. v. p. 669. 1883. 
% Nitroglycerine as a remedy for Angina Pectoris,” p. 28. 1882. 

7 New York Medical Journal, Feb. 0th, 1886, p. 220. 
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condition.” Rossbach’, Burzhinski’, Kinnicutt’, Ferreira‘, Leech’, 
on the contrary obtained an increase in the urine excreted in cases of 
chronic Bright’s disease. In other conditions the balance of evidence 
seems against the diuretic influence of the nitrites. In a large number 
of cases in which I have seen these substances administered no obvious 
diuretic effect has followed. I have also investigated this question ex- 
perimentally and have obtained no definite diuresis when the substances 
were administered by the stomach. If however nitroglycerine is 
injected into the blood an increase in the quantity of urine invariably 
follows, Cagnoli* states that in dogs the quantity of urine is increased. 

The other effects of the nitrite group do not concern us. The 
tetanus produced by nitroglycerine and the muscular and spinal 
paralysis by sodium nitrite in frogs is not of practical importance. The 
predominant action of these substances is upon the vascular system and 
in therapeutics it is chiefly this action which is obtained. 

As regards the mode of action of these compounds we know com- 
paratively little. They are all tissue poisons; but the changes which 
produce this effect we do not know. Loew’ believes that the nitrites 
are inactive until converted into the free acid, and this conversion he 
believes occurs in the blood under the influence of the sodium bicar- 
bonate, which in its turn is converted into the neutral carbonate. The 
free acid then acts upon the amide molecule (which Loew believes 
to be intimately connected with the activity of protoplasm), produces 
marked chemical changes and death*. Ingenious as this theory is, it 
does not explain all conditions and as yet the proof is not sufficient 
to gain it full acceptance. Binz“ speaking with regard to the nervous 
action of the nitrites suggests that they are broken up in the tissues 
into nitric acid and nitric oxide. 

The theory of the action of the organic nitrates (nitroglycerine) at 


1 Berliner klin. Woch. Jan. 19, 1885, 33. 

2 The Lancet, Oct. 17, 1885, p. 788. 

New York Medical Journal, Feb. 20th, 1886, p. 219. 

* Bulletin Générale de Thérapeutique, Oct. 8th, 1888, abst. in Schmidt's Jahrbuch, 
Bd. 222, p. 16. 

Loc. cit. 

Ann. di Chim. Med. Farm., 1885, p. 167 (abst. Virch. Jahresb. 1885, i. p. 421). 

7 Loc. cit. B. 61. 

8 The changes Loew denotes as follows with a fatty amide body 

(xz) - NH, + NOOH -H) -OH+N,+H,0, 

with an aromatic amide body (2) - NH, +NOOH=(«) -N=N-OH+H,0. 

® Arch. f. R 1880. 
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present accepted is that they are converted in the system into nitrites 
(sodium nitrite) and act as such. This view was advocated by Hay 
and later by Lublinski Although possible it does not explain all 
conditions, and from my own observations I am inclined to think that 
nitroglycerine acts as such. At least any transformation that occurs is 
brought about in the tissue cells themselves. Here an initial reduction 
to sodium nitrite probably does occur; in any case the decomposition 
changes proceed along the same lines as with the nitrite, and as a result 
a similar effect is produced. In their recent communication Haldane 
and his colleagues also state that their experiments are “against 
the hypothesis that the poisonous action of nitroglycerine is due 
to nitrite formation within the body, or to changes in the hemo- 
globin“.“ The action of other organic nitrates is probably the same as 
that of nitroglycerine. Erythrol tetra-nitrate and mannitol hexa-nitrate, 
owing to their insolubility and consequently longer retention in the 
intestinal canal, may be broken up here in part into a nitrite under the 
influence of the alkaline intestinal juices*, but of this we have as yet no 
definite proof. 

But whatever may be the intimate nature of the action of digitalis 
and the nitrites, the tissues on which they act are well defined. Both 
are muscle poisons, both act upon the muscle cells themselves, but they 
differ in their mode of action and the time during which they act. 
Digitalis constricts blood vessels, it acts slowly, and its effect is lasting ; 
the nitrites dilate blood vessels, act rapidly, and are comparatively 
evanescent in their action. Digitalis arrests the heart in systole; the 
nitrites kill in diastole. From a priori reasoning it would be impossible 
to say which of the two groups would possess the predominant effect, te. 
whether in a cell saturated with digitalis, sodium nitrite or its congeners 
would have any action, or vice versa. An analogy might be drawn from 
researches with digitalis in which chloral-hydrate was used as the 
anesthetic, since chloral dilates vessels by acting upon the smaller 


Practitioner, vol. xxx. p. 422, 1883. 

Deutsche medicinische Wochenschrift, No. 5, 1885. Onsum (“ Ueber Nitroglycerin,” 
Norsk. Mag. 1. p. 36, 1865, quoted by Husemann in Schmidt's Jahrbuch, cxxv. p. 54,) 
advanced the view that nitroglycerine was broken up in the blood, and its toxic effects 
were due to its decomposition products (perhaps nitric oxide); and Eulenberg (“ Ueber die 
Wirkung des Nitroglycerins,” Berliner klinische Wochenschrift, u. p. 24, 1865) finding that 
different nitroglycerines had different toxic properties was led to believe that ethyl nitrite 
(salpetrigsaures ethylene oxide) was formed in an alcoholic solution and produced the 
symptoms. 

Loc. eit. p. 188. Bradbury, loc. cit. 
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arteries in a similar manner to the nitrites. It has been found that in 
deeply chloralised animals digitalis still produced a rise of blood- 
pressure’, but this rise was not so great as we should have expected 
under normal conditions. The rise is accompanied by a marked increase 
in the pulse volume and it is suggested that increased blood-pressure is 
due to this. 


The method of investigation and the preparation of the substances used. 


In the present research the antagonistic action of digitalis and the 
various members of the nitrite group has been investigated with a view 
to its therapeutic application ; and as digitalis, apart from its poisonous 
effects, exerts an action on the vascular system which is sometimes 
detrimental and which it is necessary to avoid, particular attention has 
been paid to this system. The effect on the vessels has been investi- 
gated in three ways; (1) by blood-pressure experiments, to get the 
general effect on the circulation; (2) by perfusion experiments, to 
determine the local antagonistic action; (3) by pulse-tracings in men 
to obtain the probable effects of its application in treatment. The 
antagonistic action has also been investigated on the isolated heart of 
the frog, and on the urinary excretion. The general antagonism of 
toxic doses of these substances will be dealt with in a subsequent paper. 

The digitalis preparation used in the purely experimental part of 
the research was the ‘digitalinum purum’ of the German Pharmacopceia, 
and was obtained from Merck. This substance, which is obtained from 
the seeds, is not a pure one“, but it produces a well-marked digitalis 
effect which is all that was required. It possesses the great advantage 
of being soluble in water and can therefore be used for intravenous 
injection without admixture with alcohol, 

The sodium nitrite employed was obtained from an ordinary com- 
mercial sample by dissolving it in water and precipitating with alcohol. 
Thus obtained it was almost pure. Estimated by Atkinson’s modifica- 
tion of the potassium permanganate test, it gave 99 per cent. of pure 
nitrite, and after the conclusion of the investigation it was found to be 
almost of the same strength (98°7 per cent.). 


Von Mering, Arch. f. exp. Path. u. Pharm. mi. p. 185, 1875; Williams, loc, eit. 
p. 3; Pfaff, loc. cit.; Openchowsky, loc. cit. p. 205. 

* Kiliani (Arch. d. Pharm. Bd. 233, p. 299: also Pharm. Journ. [A] 1. p. 31, 1895) has 
isolated from it digitonin (at least one-half), digitalin verum, and a fairly crystallisable — 
organic compound containing calcium and potassium. 

Proc. Roy. Soc. Edin, March 15th, 1886: Pharm. Journ. 1886, p. 809. 
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The nitroglycerine and other organic nitrates were prepared by 
nitrating the corresponding alcohols with a mixture of nitric and 
sulphuric acids. The nitric acid when necessary was purified by 
Veley’s method’, but unless a large quantity of nitrous acid is present 
this is unnecessary. The substances were afterwards washed, dried, 
and when possible crystallised. They were all analysed by Lunge’s 


nitrometer and with the exception of the mannitol compound found 


to be pure“. 

All these substances are more or less soluble in water. Sodium 
nitrite is readily soluble; glycol dinitrate is soluble about 1 in 500; 
nitroglycerine 1 in 760*; the nitrates of erythrol and mannitol are much 
less soluble. 

For the investigations on blood-pressure and perfusion sodium 
nitrite and nitroglycerine only were used. These are types of the 
others and they possess advantages in the power of their action and 
their solubility in water. In the experiments on men all the substances 
were used, 


The action of digitalis and the nitrites on blood-pressure. 

These experiments were carried out on rabbits and dogs. The dogs 
used were large ones intended for other purposes, but as the primary 
object could not be attained they were subsequently used in this way. 
In all these cases the animal had been under an anesthetic for 
3—4 hours. 

The method employed in most instances was to produce a distinct 
effect by injecting intravenously a dose of sodium nitrite or nitro- 
glycerine; afterwards to produce a digitalis action by injecting digi- 
talin ; and then again to try the effect of the vaso-dilating drug. The 
effect of digitalin on rabbits is to produce a preliminary fall followed by 
a marked rise, The fall is accompanied by a greater pulse volume and 
is probably in the main a vascular effect, but whether it is due to 
an irritant action or to the presence of digitonin I am unable to say. 
After the blood-pressure has commenced to rise the individual heart- 


1 Phil. Trans. vol. 182 A, p. 287. 1892. 
The nitro-mannite appeared to contain only 5NO, and its melting-point was only 
102° C. instead of 113 C. (Sobrero). I prepared it several times with the same result. It 
was therefore only a penta-nitrate. I am inclined to think that the failure to introduce 
6NO, was due to the acids not being sufficiently strong, but I hope to deal with this point 
at some future time. ’ 
Atkinson, Pharm, Journ. July 3rd, 1886, p. 4. 
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beats are but slightly modified. In dogs the heart-beats were more 
distinctly influenced and the blood vessels seem to have been less 
affected, but in all probability this was due to the long-continued 
ansesthesia. 

The influence of digitalis on the fall of blood-pressure produced 
by nitroglycerine is shown in Fig. 1. This experiment is a type of 
its class. After the blood-pressure had been constant some time 
(20 mins.), 001 g. nitroglycerine (1 c.c. 1-1000 sol. in normal saline) 
was injected into the right femoral vein (a). The normal effect of this 
substance was obtained. The fall of blood-pressure began 18 seconds 
after commencing the injection (which lasted 19 seconds) and reached 
its lowest point in 70 seconds. It then gradually returned to normal 
but did not reach this point until 22 minutes had passed. Digitalin 
‘01 g. (1 ec. 1 per cent. sol.) was now administered and after a pre- 
liminary fall a marked rise occurred. The same dose of nitroglycerine 
(001 g.) was now injected and again a fall of pressure was produced 
(6); but in this case the fall did not begin until 30 seconds after 
commencing to inject the drug, and the return was much more rapid 
than in the previous instance. In 6 minutes it had nearly reached its 
former level. In other experiments a less marked and even quicker 
return was obtained. The actual fall of pressure was greater than in 
the first instance (88 mm. to 37 mm. compared with 57 mm. to 23 mm.), 
but as the blood-pressure was at a much higher level the two conditions 
are not strictly comparable. Thus although nitro-glycerine still pro- 
duces its peculiar effect after the administration of digitalin, its action 
is less sudden and more evanescent, and the blood-pressure is not 
reduced so low. 

In the present experiment nitroglycerine (001 g.) and digitalin 
(01 g.) were next given together. The fall of blood-pressure was 
greater than with nitroglycerine alone, and the return slightly more 
gradual than in the previous instance (c). The effect seems to be 
the result of each substance acting independently. The initial fall of 
the digitalin is superimposed on that of the nitroglycerine while the 
effect of the digitalin on the heart (or the antagonised depressant action 
of the nitroglycerine) is present. Afterwards when the same dose of 
digitalin was given the fall in pressure occurred, but the heart was 
beating more powerfully than in the previous instance (d). Sub- 
sequently nitroglycerine (001 g.) was again given. A fall of blood- 
pressure was produced but this was less than after any of the previous 
n (e). The . for a short time was also made 8 
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Fig. 1. Rabbit. 3030 grms. 11.45. 06 grm. morphine acetate hypodermically. Ether- 
chloroform mixture. Time marks 2 seconds, and is plotted along the base-line. 
| . Base-line raised 6mm. } natural size. 
= | (a) x. le.c. 1 per cent. nitroglycerine in normal salt solution injected into 


~ — æ — 


femoral vein: time 2. 23’. 
(b) Shows effect of same dose of nitroglycerine after previous injection of 
digitalin. 2.51. 1 0.0. 1 per cent. digitalin injected into femoral vein. x. 1 c. o. 
1 per cent. nitroglycerine injected into femoral vein: time 8. 1’. 80’. 
(e) Effect of injection of nitroglycerine and digitalin together. x. 1 0. 6. +1 per 
| ; cent, nitroglycerine + 1 . 0. 1 per cent. digitalin injected into femoral vein; time 
8.41’. 
(d) x. 1 e. 0. 1 per cent. digitalin injected into femoral vein: time 4. 18’, 30’. 
| ) x. 16,0. 1 per cent. nitroglycerine injected into femoral vein: time 4. 86’. 
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In other experiments the combination of digitalin and vaso-dilator, 
and the lator injections of the individual drugs, produced the same 
features as in the present case and consequently they will not be 
described. 

Fig. 2 shows the effect of nitroglycerine after digitalin in a dog. 
The blood-pressure was very low so that digitalin was given at once. 
In all 05 g. (5 c.c. 1 per cent. solution) was administered. The blood- 
pressure rose and the heart became slightly irregular. Nitroglycerine 
01 g. (10 cc, 1 per cent solution) was then injected and produced a 
marked fall. The most important feature in this tracing is the effect 
upon the heart. Unfortunately, soon after the injection was commenced 
the stilet began to stick, but at 5.3 when it was again writing properly 


Fig. 2. Dog. 85 kg. 11.45’. ‘85 grm. morphine acetate hypodermically. Ether- 
chloroform. Time marks 2 sevonds. Base-line raised 18 mm. 4. 52’.30”. 2 0. 0. 
1 per cent. digitalin solution injected into femoral vein. 4. 56’. 30”. 8 0. 0. 1 per cent. 


the depressant effect is distinctly seen. At 5.5 the cannula was closed 
by a blood-clot and when this was removed the heart was found to be 
beating in groups, Soon afterwards death occurred. 

The influence of digitalis on the fall of blood-pressure produced by 
sodium nitrite is similar to its action on that of nitroglycerine. It is 
however more powerful. When small doses of nitrite are used scarcely 
any action is obtained after digitalin has been given. This is seen 
in Fig. 8 a, b, o. (a) shows the effect of 01 g. sodium nitrite on the 
normal blood-pressure. The pressure did not return to the original 
height until after digitalin (0075 g.) had been given. Now the injection 

PH, XXII. 2 


digitalin injected. x. 10 o.c. 1 per cent. nitroglycerine injected into femoral vein. 7 
| During the injection of the nitroglycerine the stilet commenced to stick. 5.5’. Clot 
in artery. } natural size. q 
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of the same amount of nitrite as before produced scarcely any effect 
(b), and even after the introduction of double the dose the action 
is not so marked as in the first instance (c). With large doses of 
sodium nitrite a fall of blood-pressure is always obtained, but some- 
times after the pressure has returned to the normal great irregularity 
results. In this condition the further injection of digitalin may again 
restore the tone of the vessels. 


Fig. 8. Rabbit. 2020 grms. 11.45. 86 grms, urethane injected into stomach. 
Ether-chloroform. Time marks seconds. } natural size. 


(a) Base-line raised 10mm. x. 1c.c. 1 per cent. sodium nitrite injected into 
femoral vein: time 2. 12’. 


(b) Effect of same dose of sodium nitrite after previous administration of 
digitalin. Base-line raised 30 mm. 3. 1“ 30”. 5 C.. § per cent. digitalin injected 
into femoral vein. 8. 11“. 1 6.6. digitalin solution injected. x. 1 0.6. 1 per cent. 

sodium nitrite injected into femoral vein: time 3. 21’. 

(c) Base-line raised 80mm. x. 2 o.c. 1 per cent. sodium nitrite injected into 
femoral vein: time 8. 81’. 

The effect of vaso-dilators on the blood-pressure curve of digitalis is 
also to be seen. After nitroglycerine or sodium nitrite has been given 
digitalin acts more slowly and the blood-pressure is not raised so high 
as under normal conditions. The action however is not so striking 
as the effect of digitalin on the nitroglycerine curves. 

Thus as far as the effect on blood-pressure is concerned digitalis 
and the nitrites seem to be mutually antagonistic: digitalin diminishes 
the effect of nitroglycerine; nitroglycerine counteracts in part the 
action of digitalin. Under all conditions however vaso-dilators are 
able to produce a fall of blood-pressure if given in sufficient quantity, 
and conversely digitalin introduced during a nitrite action is able to 
raise the blood-pressure. When administered together the effect of the 


| 
| 
1 
it 
11 
H 
| 
it 
A 
1 
1 
1 
t 


DIGITALIS AND NITRITE GROUP. 19 


vaso-dilator is mainly obtained but this is partly due to the more rapid 
action of this class of drugs. 

The other effects deducible from the blood-pressure curves are the 
influence on the respiration and the frequency of the heart-beats. 
Owing to the slowness of the drum the effect on the individual beats 
cannot be seen, but this has been separately studied on the isolated 
heart of the frog. 

Upon the frequency of the pulse a distinct 8 influence is 
exerted by a combination of the drugs. In rabbits the injection of 
sodium nitrite or nitroglycerine produced no appreciable effect on the 
number of the heart-beats, but digitalis caused a distinct slowing. 
When sodium nitrite or nitroglycerine was given with the digitalin the 
frequency of the pulse was less markedly influenced although the 
blood-pressure was reduced lower than before. In experiment Fig. 1 
the frequency of the pulse taken at the point of lowest pressure 
and afterwards at irregular intervals, was as follows—in 10 seconds 20 
(001 g. nitroglycerine given) 21, 20—20 (-01 digitalin) 14, 19, 20—19 
(001 g. nitroglycerine) 20, 19, (001 g. nitroglycerine + 01 g. digitalin) 
15, 19, 18, (01 g. digitalin) 9, 16, 17, 16, (001 g. nitroglycerine) 17, 
15. Thus the addition of nitroglycerine to digitalin had converted 
a fall of 20—14 to one of 19—15 and probably the effect was 
still greater, as the subsequent administration of digitalin produced 
a fall from 18 to 9. In dogs the conditions are to a certain extent 
reversed; digitalin has a comparatively slight effect on the pulse 
frequency while the vaso-dilators have a marked one. The previous 
administration of digitalin did not seem to exert any influence, In the 
experiment shown in Fig. 2 the heart was beating 9 in 10 seconds 
before digitalin was given and 8 afterwards. The injection of nitro- 
glycerine caused a rise from 9 to 16 which then fell to 14; afterwards 
the heart commenced to beat in groups. Similar, though less marked 
effects were obtained with sodium nitrite. 

After slight irregularity of the heart has been produced by digitalis 
a vaso-dilator will often remove it for a short time, but how far this 
is due to an antagonistic effect and how far to mere lowering of blood- 
pressure it is impossible to say. Probably it is wholly dependent 
on the latter, the reduced peripheral resistance enabling the heart 
to perform its work efficiently’. 


2 An analogous result is obtained in men. It has also been found that a normal 
irregularity of the heart disappears in the presence of fever (Whittaker, Twentieth 
Century Practice, vol. 1v. p. 426) and this must be due to diminished peripheral resistance. 
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The depressant effect of nitroglycerine on the heart in dogs has 
been mentioned in connection with fig. 2. A similar action is also 
obtained on rabbits. When digitalin is combined with nitroglycerine 
the cardiac depression is much less marked (Fig. 1 c). 

The influence of these substances upon the respiration is of 
secondary importance, although here, too, an antagonistic action in some 
cases exists, In the dog the dyspnwa produced by the injection of 
digitalin is distinctly diminished by the administration of large doses 
of nitrites ; small doses have comparatively little effect. This is shown 
in Fig. 4. A dog had been given 08 g. sodium nitrite and afterwards 


— 


Fig. 4. Dog. 25 kg. 11.45’. 25 grm. morphine acetate hypodermically. Ether- 
chloroform. Time marks seconds. Base-line raised 18mm. I natural size. 3.15’. 
1 c. 1 per cent. sodium nitrite solution injected into femoral vein. 3.19. 5 o. o. 
sodium nitrite solution injected. 38.23’. 5 0.0. 1 per cent. digitalin solution injected. 
x. 5 C. 0. 1 per cent sodium nitrite injected into femoral vein: time 3. 30’. 
*. 5 o. e. sodium nitrite solution again injected. 
xx. 15 c. o. sodium nitrite solution injected. 


05 g. digitalin. Shortly afterwards very marked dyspnea occurred 
which was scarcely affected by the administration of 05 g. sodium 
nitrite. After 15 g. sodium nitrite was injected the dyspnoea diminished, 
almost disappeared, and then gradually returned again. Subsequently 
sodium nitrite (2 g.) was again injected and the same phenomena were 
produced. In some cases however, and in rabbits especially, the in- 
jection of a combination of these drugs produced dyspnea when not 
previously present. This was due to an excess of the vaso-dilator drug 
which usually produces this condition when administered in toxic doses. 
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Perfusion experiments on blood vessels. 


These demonstrate the local effect of digitalis and the nitrites on 
blood vessels, The method of perfusion was chosen as being superior 
to that of others (blood pressure after section of the cervical cord, 
direct microscopical observation of the vessels etc.) and introducing 
fewer errors. 

Both warm-blooded animals and frogs were used. For the warm- 
blooded, the kidney of the sheep was oftenest employed. This is easily 
obtained and it possesses an advantage in that the blood of the same 
sheep can be used for perfusion. Both blood and kidney were placed 
in jacketed-ovens and kept at a constant temperature of 38°C. Three 
flasks were used; one contained normal blood, a second, blood with 
a definite quantity of sodium nitrite, nitroglycerine or digitalin, the 
third, blood and definite quantities of the vessel-dilating drug and 
digitalin. In all the flasks the blood was kept under a definite pressure 
(for the kidney of the sheep 70 mm. Hg.), The various experiments were 
modified by introducing the single poison or the mixture first, but in 
all, the results were practically the same. In general they corroborate 
the effects obtained from blood-pressure curves; nitrites are not 
absolutely antagonistic to digitalis; on the contrary, in these experi- 
ments, owing to altered conditions (eg. constant dosage), digitalin 
seems to be the more powerful of the two. 

The following experiments are typical. 


Perrusion Experiment I. Kidney of sheep. Pressure on blood 70 mm. 
Hg. Temperature of ovens 38° C. 
Normal blood of animal. 
Outflow in c.c. per min. 24-5 230 240 240 245 
Blood containing nd sodium nitrite perfused. Chocolate colour. 
28°00 350 350 

Normal blood perfused. 

320 290 300 300 285 270 250 


Blood containing sodium nitrite and zudvv digitalin 
Chocolate colour. 


290 245 19°5 100 15˙5 
Normal blood. 


145 125 115 125 120 
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Blood containing sodium nitrite. 
135 135 160 160 160 
Blood containing sodium nitrite and digitalin. 
160 115 115 110 
Blood containing s,4,5, sodium nitrite. 
105 100 105 105 100 100 100 
Normal blood. 


| \ 100 100 105 105 105 


In this case distinct dilatation was produced by 1 in 2000 sodium 
nitrite and the calibre of the vessels again reduced by perfusing 
the normal blood. Afterwards when twice the original strength of 
nitrite was used combined with a small dose of digitalin, a transient 
dilatation followed by marked contraction ensued. The double dose 
of sodium nitrite had therefore failed to prevent the vaso-contracting 
influence of the digitalin. With the perfusion of normal blood the 
contraction still continued—a condition which is usual after perfusing 
digitalis—but when this was replaced by sodium nitrite slight dilatation 
was obtained. On replacing the nitrite blood by the mixture con- 
traction again resulted and this could not be influenced by the sub- 
sequent perfusion either of nitrite blood or of normal blood. Evidently 
the vessels were dead. 


Perrusion Expzriment II. (Kidney of sheep. Pressure on blood 
70 mm. Hg. Temperature of ovens 38° C. 
Normal blood of animal. | 
Outflow in o. c. per min. 180 180 185 19-0 
160 120 90 9-0 
Blood containing utov digitalin and ape sodium nitrite. Chocolate 


80 80 85 95 100 100 
Blood containing digitalin. 
110 100 105 110 
Normal blood. 


130 155 180 195 
Blood containing yy}, digitalin and 200 sodium nitrite. 
230 200 200 195 206 
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Normal blood. 
180 230 260 


Blood containing yuv digitalin. 
270 255 230 220 200 190 190 


Normal blood. 
200 230 235 25-0 


Blood containing zun digitalin and ohe sodium nitrite. 
245 240 22:0 200 185 185 185 
Normal blood. 
190 180 190 190 
Outflow gradually stopped owing to want of blood. 


In this experiment the conditions were reversed. The effect of 
digitalin was first obtained and then the modifying influence of a 
small dose of sodium nitrite observed. A regular outflow having been 
established, digitalin (1 in 50,000) was perfused, and when marked 
contraction was produced the digitalin blood was replaced by blood 
containing the same amount of digitalin with 1 in 2000 sedram 
nitrite. Very slight dilatation resulted but this was unaffected by the 
subsequent perfusion of blood containing digitalis alone’. The nitrite 
would therefore appear to have exerted very little influence. It might 
be suggested that it had prevented further contraction of the blood 
vessels and that its influence was really greater than it appeared to 
be, an explanation that I think is very probable, but unfortunately the 
subsequent perfusion of digitalin alone had no effect. When this 
was replaced by normal blood a dilatation to the original volume 
occurred and when blood containing the mixed poisons was perfused 
transient dilatation followed by a return to the normal resulted. On 
now perfusing normal blood dilatation was produced and this was 
again converted into contraction by the perfusion of digitalin blood. 
Normal blood again caused dilatation and perfusion of the mixed 
poisons contraction. It is therefore evident that although sodium 
nitrite exerts a comparatively slight effect in counteracting digitalin 
in excess, yet such an effect can be discerned. In the next experiment 
the conditions are again altered; the vaso-dilator being in excess and 
the digitalin in relatively small amount. 


1 The number following the change of solutions is not usually of much importance as 
it takes a minute or more for the previous blood to be driven out of the blood vessels. , 
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Perrustion Expermment III. Kidney of sheep. Pressure on blood 
= 70mm. Hg. Temperature of ovens = 37°C. 
Normal blood of animal 
Outflow in o. o. 35 35 35 3˙5 
Blood containing digitalin and nitroglycerine. 
40 140 260 190 15˙0 
Normal blood. 
130 90 75 60 55 50 50 


containing nitroglycerine. 
60 190 250 275 270 250 

Normal blood. 

200 130 100 85 65 60 50 50 
Blood containing digitalin and 200 nitroglycerine. 

60 120 130 120 105 90 80 
Blood containing nitroglycerine. 
: 70 65 70 70 85 85 90 100 
Blood containing zutipvv digitalin and uhu nitroglycerine. 

100 95 80 70 65 


Even in this case the separate actions of the two substances are 
manifest. Perfusion of the combined poisons first produces dilatation 
which is soon replaced by contraction, and on perfusing with normal 
blood the outflow is again brought almost to normal. That the 
previous contracting action was due to the digitalin is shown by the 
perfusion of nitroglycerine alone when dilatation even slightly beyond 
the previous point was produced. Normal blood again reduced the 
volume to its original level and the perfusion of the mixed poisons 
produced the same though a less marked effect as before. On replacing 
the blood containing the mixed poisons by nitroglycerine blood dila- 
tation ensued and this was again followed by contraction when the 
mixed poisons were again admitted. 

Experiments on frogs merely confirmed those on the kidney. For 
one part of the investigation however they lend themselves more 
readily to the purposes of experiment than the vessels of warm-blooded 
animals. They are tolerant of stronger solutions and consequently 
large doses of digitalin could be used. If very powerful contraction 
was produced by digitalin subsequent perfusion of sodium nitrite had 
comparatively little effect. This is shown in the following experiment. 
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Although a large amount of nitrite was passing through the vessels 
they still remained powerfully contracted. From experience, however, 
I can say that the return to normal is quicker than with normal 
saline alone. 


Frog. Pressure 20 om. H,O. Normal salt solution (-65°/, NaCl) per- 
fused for 1 hour before experiment commenced. 


Normal salt solution. 
Outflow inc.c. per 5 mins. 21 21 20 18 20 
Salt solution containing use digitalin. 
Normal salt solution. 


05 O04 O* 1 drop 1 drop 
Pressure raised to 35 cm. 
Time 
60—65 3 drops Salt solution containing root sodium nitrite 


perfused. 
65—125 105cc. Pressure reduced to 20 cm. 
125—140  35ac 
140—185 70c.c. Outflow gave very marked reaction with starch 
solution, acetic acid, and potassium iodide, 
_ showing presence of large quantity of nitrite. 
185—215 1250c.c. At 200 mins. pressure raised to 35 cm. 
215—220 45 0.0. 
220—-225 3 
225—330 3 


These experiments show that digitalis and the nitrites are not 
chemical antagonists in the sense that we now accept the term. They 
are mutually antagonistic in that each substance tries to produce its 
own effect, and the resultant of the action depends upon the excess of 
either substance present at a given moment of time. An interesting 
feature which is constantly present in perfusing with tho mixed 
poisons is the dilatation before contraction begins. This is due to the 
varying rapidity with which the two substances act. Digitalis very 
slowly modifies the vital activity of the cell, while sodium nitrite and 
nitroglycerine act quickly. It seems that the vaso-dilator begins to 
produce its effect, but it is subsequently stopped by an accumulation 
of digitalin sufficient to counteract this and produce its own action. 
Before dealing with the results of my observations on the pulse 

of men it will be better to dismiss the remaining purely experimental 


part of the inquiry. 
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Action on the isolated heart of the frog. 


The effect on this was investigated by means of a Williams’ 
apparatus. Instead, however, of the tracing being systolic, it is 
diastolic. The heart was placed in a closed reservoir filled with fluid 
which was subsequently attached to a Roy’s oncograph. This arrange- 
ment possesses the advantage that it does not interfere with the 
artificial circulation, but it has the disadvantage that the tracings are 
reversed, i.e. the upstroke represents diastole, the downstroke systole. 
After the first introduction of poisoned blood the kymograph was 
stopped when any change was made and the normal or poisoned 
blood run through the heart for 30—60 seconds. This dispelled the 
fluid already in the tubes and allowed the changed fluid to act on the 
heart at once. The perfusion fluid used consisted of fresh sheep’s 
blood 1 part, mixed with 3 parts of 65 °/, sodium chloride solution. 

The antagonistic effect of these two drugs is well seen in Fig. 5. 
After the heart had been beating regularly for some time 9 
digitalin was perfused. As soon as this had produced a slight effect— 
more prolonged systole, as shown by the rounding at the height of 
the contraction (the bottom of the tracing) and less complete diastole— 
the digitalin was replaced by unpoisoned fluid. After this had been 
perfused through the heart for six minutes and the digitalin effect 
to a great extent dispelled, nitroglycerine zoo was run through. 
Immediate and marked diastolic relaxation occurred: systole was 
completed quickly and was not sustained: the pointed apex (bottom 
of the tracing) is in marked contrast to the rounded summit of 
digitalin. The influence on the time taken up by the separate phases 
is also distinctly shown: with nitroglycerine the greatest time is 
occupied by diastole, with digitalin by systole. The continued 
perfusion of nitroglycerine caused the extreme diastolic distension 
to diminish (fall in the tracing) without producing any further 
alteration in the character of the beats. After the nitroglycerine 
had been replaced by normal fluid the original character of the 
tracing appeared and the broadened systolic apex is indicative of a 
slight digitalis action being still present. When digitalin ved was 
again perfused, the same phenomena as before were produced, but the 
effect was somewhat more marked. Unpoisoned blood brought the 
tracing to a more normal condition. On perfusing digitalin (ud) 


and nitroglycerine (g4;5) together only the effect of the nitroglycerine — 


— 
4 
* 
3 


DIGITALIS AND NITRITE GROUP. 27 


was obtained, and on continuing the perfusion death in diastole seemed 
likely to occur. When this solution was replaced by the normal the 
: effect of the digitalin became very marked (6.32). Later a stronger 


to clear the tubes before a tracing was taken. (a) uv digitalin perfused, 
time 4. 46’. (b) normal solution (1 min.): 4. 64“ 80“, (e) gy, uitroglycerine 
(1 min.): 5.1’. (d) normal solution (1 min.): 6. 7“. (e) eien digitalin + 
seve nitroglycerine (4 min.): 6.11’. (jf) normal solution (1 min.) : 6. 27’. 
(9) digitalin min.): 6.87’. (A) normal solution (4 min.): 6. 48“. 15”. 
nitroglycerine min.): 6.51’. (j) powerful expansion of heart which 
now commenved to leak. (59 ee (2) normal solution (1 min.): 
7. 4. 


solution of digitalin (rybvo) was perfused. At first some diastolic 
relaxation occurred, but this was soon replaced by gradually diminishing 
diastole and prolonged systole. When it seemed as if stand-still 
in systole was imminent, the digitalin was replaced by normal fluid. 
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Fig. 5. Tracing of frog’s heart. Willisms’ apparatus with oncograph recording. 
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Some diastolic relaxation followed and the individual beats improved. 
The unpoisoned blood was now replaced by nitroglycerine (,q4;5) fluid. 
At first no effect was produced but soon a sudden and extreme 
dilatation of the heart occurred. The lever of the recorder rose 
tremendously: the heart commenced to beat vigorously and to leak, 
and the lever was driven off the drum. When it was again replaced 
the tracing was seen to be of the nitroglycerine type, but when the 
nitroglycerine solution was replaced by normal the effects of digitalis 
again stood out. The same experiment was repeated with exactly 
the same results except that in this case the heart was brought to a 
more normal condition before the nitroglycerine was introduced. 
Again the lever was driven off the drum by the relaxation and 
leakage of the heart. After perfusing with normal fluid the heart 
was beating even better than at first (7.48). 

This experiment shows that so far as the heart is concerned, 
nitroglycerine can keep the digitalis action in abeyance, and that 
in a heart markedly contracted by digitalis, rapid and complete 
relaxation with a more normal condition of the beats, may be 
produced. 


Experiments on the diuretic action of digitalis and the nitrites. 

With regard to the diuretic effect of the combined drugs there is 
at present very little evidence. Fraser! mentions a case treated by 
strophanthus in which diuresis did not occur until 3 grain doses of 
sodium nitrite four times a day were given in combination, but beyond 
this I know of no observations on the point. As the subject is of some 
practical importance I have investigated it experimentally. The method 
employed was that of Naunyn-Pfaff. A large cannula resembling the 
upper part of a thistle funnel is introduced into the bladder and tied 
so as just to leave the orifices of the ureter free. The cannula and 
bladder are then filled with urine and the outflow afterwards measured 
at regular intervals. The operation is attended with less disturbance 
to the surrounding parts, and for the present purpose was quite as 
efficient, as introducing cannule into the ureters. A cannula was also 
introduced into the carotid to register the blood-pressure and one was 
placed in the femoral vein for the purposes of medication. The 
experiments were varied slightly. Sometimes a small quantity of 
normal saline was injected into the vein, sometimes not. The saline 


1 Edinburgh Medical Journal, April, 1895, p. 887. 
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injection increases the urinary outflow slightly (see Exp. V.), and 
unless the excretion has again commenced to diminish this must be 
remembered in estimating the subsequent results. In the following 
experiments observations on the blood-pressure (mm. of Hg.) and 
on the secretion of urine (c.c. excreted) were made each 5 minutes. 
At times certain solutions were injected; the time of injection being 
indicated at the beginning of the 5 minutes period to which the 
injection refers. Any variations in the pressure during the 5 minutes 
periods are denoted by numbers connected by hyphens. These 
numbers indicate the median pressure at the commencement of a 
period, the lowest pressure during the period, and the pressure at its 
termination. In the case of digitalin the initial fall has been ignored 
except when this was marked and of some duration. 


Experiment V. Rabbit, 3030 grammes. 11.45. 06 grm. morphine 
acetate. Ether- chloroform mixture during experiment. Observations com- 
menced at I. 35. 


Blood-pressure 60 56 55 56 58 65 59 54 56 58-22-26 26-42 


C. o. of urine * . . 
Blood-pressure 42-50 50-52 52-55 53 53-77 77-91 91-37-76 
o. o. of urine 
Blood-pressure 76-84 85 86 89 91 88 89 (89-30-69 69-80 
Blood-pressure 80-85 85 85 83 8342-73 73 76 80 81 
2 3 4 4 2 158 1 1 1 05 
Blood - pressure (81-44-68 68-70 70-14 78 79 81 81 
= } 05 18 1 15 15 


() 2 mins, after commencement of period—5 o. 0. 65 per cent. salt solution injected 
into femoral vein. 
24 mins.—1 o.c. 1 per cent. nitroglycerine in normal salt solution injected into 
vein. 


femoral 

14 mins.—1 C. 0. 1 per cent, digitalin injected. 

14 mins.—1 c.c. 1 per cent. nitroglycerine injected. 

denotes blood in urine. Asa rule this gradually increased during the next few 
periods and then remained fairly constant. 

14 mins.—1 C. 0. 1 per cent. nitroglycerine +1 c. 0. 1 per cent. digitalin injected. 

8 mins.—1 C. 0. 1 per cent. digitalin injected. , 

1 min.—1 ¢.c. 1 per cent. nitroglycerine injected. 
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Experiment VI. Rabbit, 2620 grammes. 10.35. ‘06 grm. morphine 
acetate hypodermioally. Ether-chloroform mixture, then ether. Observa- 
tions commenced 12.0. 


Blood-pressure 67 68 66 66-72 73 69-92 92-85 84-32-60 


o. o. of urine 

60-84 82 84 81 83 85 85 85 86-33-72 
C. C. urine ‘ 


Blood:presure 72-86 86 79 79 83 88 83 81 79 775750 
Blood-pressure 59-69 64 55 (58-24-32 32-60 59 60 66 
— i drop 


14 mins, after of 1-2 0.0. 2 per cent. digitoxine suspended 

14 mins,—1°2 c.c. 1 per cent. digitalin injected. 

8 mins.—1 c.c. 1 per cent, nitroglycerine injected. 

blood in urine, 

14 mins.—1 0.0. 1 cent. 

8 per cent. digitalin injected. 

4 mins.—2 0. 0. 1 per cent. nitroglycerine injected. 


Expsrment VII. Rabbit, 2650 grammes, 11.30 and 11.45. 025 grm. 
morphine acetate hypodermically. Chloroform-ether mixture. Observations 
commenced 1.40. 


Blood-pressure 80 86 85 85 87 85 85-34-51 51-79 79-85 


o. o. of urine 

5 4 35 3 386 385 3 10 
Blood-pressure 85-87 87-105 105-107 107-50-89% 89 90 91 
o. o. of urine 
eee. 8 5 5 55 3 35 8 
Blood- pressure (92-34-73 73-91 90 90 90 91 89-87 85-35-67 
o. c. of urine 

} 65 1.1 88 75 55 7 3 


Blood- pressure 67-75 75-78 78-82 84 85 83 
c.c, of urine ‘ 
2 35 5 35 25 


() 2 mins. after commencement of interval —5 0. 0. 65 per cent. salt solution injected 
— troglycerine injected. 
1 —1 ¢.c, *1 per ni 
e 0. 0. 1 per cent. digitalin injected. 
1 min.—1 C.. 1 per cent. digitalin injected. 
1 min.—1 c.c. 1 per cent. nitroglycerine injected. 
blood in urine 


4 mins.—1 0. e. 1 per cent, nitroglycerine + 1 c.c. 1 per cant. digitelin 
2 mins.—65 c.c. normal saline injected. 
2 mins.—1 C. o. 1 per cent. digitalin injected. 
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Experiment VIII. Rabbit, 2020grammes. 11.45. grm. urethane 
injected into stomach. Ether-chloroform mixturo. Observations commenced 
1.50. Time intervals in this experiment = 10 mins. 


Blood-pressure 76 72 72-28-36 36 38 39 37 037-34 


} 6 4 2 911 1 4 
Blood- pressure 54-67 68 68-54 52 52 52-38 38-32 

} 2 s 2 2 
Blood - pressure 32 32-20-26 26-32 34-30 
C. c. of urine 

3 2 

) 14 mins, after commencement of period 1 c. o. 1 per cent. sodium nitrite injected 


into femoral vein. 
1 min.—*5 c.c. 5 per cent. digitalin injected. 
1 min.—1 C. 0. 5 per cent. digitalin injected. 
1 min.—1 c. e. 1 per cent. sodium nitrite injected. 
1 min.—2 C. c. 1 per cent. sodium nitrite injected. 
1 min,—1 0.0. 5 per cent. digitalin +2°5 c.c. 1 per. cent. sodium nitrite injected. 
84 mins.—?2 c.c. 5 per cent. digitalin injected. 
1 min,—46 c.c. 5 per cent, digitalin injected. 


3333333 


The general outcome of these experiments is that digitalin tends 
to diminish rather than increase urinary secretion ; that nitroglycerine 
acts as a diuretic after the blood-pressure has returned to normal; and 
that a combination of both substances is probably a more powerful 
diuretic than nitroglycerine alone. During the time that the blood- 
pressure is reduced by nitroglycerine there is a notable fall in the 
amount of urine, but if digitalin has been previously administered, so 
that the fall is of a more transient character, scarcely any diminution 
in the urine occurs, The effect of sodium nitrite is much less 
marked than that of nitroglycerine. Combined with digitalin it 
seemed to produce slight diuresis but administered alone no diuretic 
action was observed. The blood in the urine is the result of the 


Action on the pulse of Man. 


This was investigated by means of sphygmograms taken with 
Dudgeon’s instrument. This instrument is perhaps not so reliable as 
Marey’s, but it possesses the advantage of being more readily adjusted, 
a matter of supreme importance when tracings have to be taken at 
definite intervals of time. As it was not legitimate to administer 
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digitalis to healthy men, advantage was taken of patients who were 
under digitalis treatment. In a few cases tracings were taken at the 
commencement of the treatment, and again after it was stopped, but 
it was found impossible to obtain many cases suitable for investigation, 
and even in these, the conditions could not be kept under complete 
control. Tracings were therefore taken sporadically and compared 
with those obtained from cases of a similar kind. 

In normal individuals the effect of the nitrites on the pulse varies 
within definite limits and even in disease the variations from this 
are comparatively slight. My own experiments agree with those of 
Professors Leech and Bradbury already quoted. From a large 
number of observations I have been led to the following conclusions : 
(1) the vaso-dilating action of the nitrite group can be obtained on 
all individuals except in advanced cases of atheroma, where the radial 
artery is unable to dilate: (2) certain individual differences exist, but 
even with small doses evidence of diminished pulse-tension can always 
be obtained: (3) a low-tension pulse with normal temperature (as in 
many cases of antemia) is most readily affected, or apparently affected: 
(4) high tension pulses although distinctly changed are least of all 
affected and require a relatively larger dose: (5) the presence of 
disease has a comparatively slight modifying influence. 

In heart disease it is difficult to establish a normal effect, as it 
is rare to meet with cases in an advanced stage which have not been 
treated with digitalis or some other cardiac tonic. In a few cases 
which I have investigated it would seem to vary little from the normal, 
After digitalis has been given however a distinct influence on the 
vaso-dilating action of the nitrites is obtained. 

Fig. 6 (a) and (b) shows pulse-tracings taken from the same individual 
soon after treatment with digitalis commenced, and again soon after 
it ceased. The patient was a woman, aged 62, suffering from aortic 
and mitral stenosis. When admitted into hospital she was cyanotic, 
markedly dyspneic and had considerable oedema of the legs. Under 
digitalis (5 minims of the tincture, at first three times, afterwards twice 
a day) she improved and the dyspnoea and cedema disappeared. The 
first tracing (a) represents the action of 0°13 grm. (2 grains) of sodium 
nitrite and was taken two days after the digitalis was prescribed. It 
shows reduced tension commencing in 44 minutes and lasting over 
2 hours, but the reduction was not so great as is generally obtained 
(compare with fig. 7 representing the effect of a similar dose in a case of 
chronic Bright’s disease). After the digitalis had been given three weeks 
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the same dose of nitrite was administered (b). The normal pulse was 
now fuller than on the previous occasion, but otherwise the conditions 


4} min 
PRG 
2 min 
5.82 


129 min 120 min 
P&l P.75 


Fig. 6. Effect of 18 grm. sodium nitrite. f natural size. (a) represents the effect soon 
after digitalis treatment was commenced, and (b) after it was discontinued. The 
uppermost tracing in each fig. was taken before the administration of sodium nitrite. 
The succeeding tracings were taken after its administration; the time being indicated 
in minutes at the side. The number of pulse beats at the time the tracing was taken 
(denoted by P) is placed below the time. 


were the same. The commencement of action of the drug is distinctly 

delayed: after 8 minutes there is scarcely any change, and it is not 

until the 10 minytes’ tracing that any appreciable fall of tension is 

seen. The degree and duration of the reduction are not markedly 

altered. In other cases similar results were obtained. There appears 

to be a delay in the onset of the action, the degree of action is some- 
PH. XXII. 3 
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what less marked, and in some cases the duration of action is slightly 
curtailed. But even in advanced eases of heart disease which have 


Fig. 7. Normal effect ot sodium nitrite. The uppermost tracing was taken before the 
administration of the drug; the succeeding ones after its administration. The time 
(mins.) and pulse (P) are indicated at the side as in Fig. 6. 


been subjected to long-continued digitalis treatment, sodium nitrite 
will still act, although the effect is comparatively slight. 

In the case of nitroglycerine the rapidity of its action is such as 
to render the delay comparatively unimportant—it is rarely more than 
one minute—and the extent of the reduction is also but slightly modi- 
fied. The principal change seems to be in a curtailing of its effect. 

With the solid organic nitrates the effect is somewhat more marked. 
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Fig. 8 (a) shows the action of 0065 grm. (1 grain) erythrol tetra-nitrate 
on a patient suffering from chronic Bright’s disease, chronic bronchitis 


b 


Fig. 8. Effect of erythrol tetra-nitrate. 3 natural size. (a) represents action after the 
administration of digitalis: (b) normal effect. The uppermost tracings were taken 
before the administration of erythrol tetra-nitrate; the succeeding ones at stated 
intervals (in mins.) after. 


and dilated heart, who had been taking 74 minims tincture of digitalis 
and 10 minims tincture of squills for 3days. A reduction of tension was 
produced, but this was much less than is obtained from the majority 
of patients (compare with (ö) representing the effect of a similar 
dose taken during convalescence from an old man admitted into 
hospital with cerebral hemorrhage). Occasionally we come across 
individuals who are comparatively insusceptible to the influence of 
nitrites but I do not think this was one of them. 

The same effect was obtained with mannitol nitrate. A patient 
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suffering from alcoholic dilatation of the heart, who had been taking 
10 minims of tincture of digitalis and 10 minims of tincture of 
squill for twelve days was given 0065 grm. (1 grain) of this substance in 
pill form (Fig. 9 (a)) A distinct action was produced but this was 
much less marked than in a case of mitral regurgitation to which 
no digitalis had been given (b). 


Fig. 9. Effect of mannitol nitrate, f natural size. (a) action on patient taking digitalis ; 
(b) normal effect. In (d) two normal tracings are given to show the occasional 
irregularity. The numbers at the side represent minutes and pulse frequency as in 
previous figs. 


Digitalis therefore appears to have a distinct effect on the action 
of the members of the nitrite group. When the amount of digitalis 
is small the effect is insignificant, but when it is large its influence 
is distinct. But although a mutual antagonism exists the power of 
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the vaso-dilators in antagonising digitalis is greater than the power 
of digitalis to antagonise the vaso-dilators. Even after large doses of 
digitalis the action of the nitrites can still be obtained. In the human 
subject the digitalis effect produced is generally comparatively mild, 
and the action of the nitrite group is in consequence but slightly 
influenced. The combination of these substances is therefore justifiable. 
The manner of combination however is of importance and this will 
be dealt with in another place. 

As regards the mode of action of these substances the results 
obtained point to an antagonistic effect on the muscle cells themselves. 
Each substance appears to produce its own action and the effect is 
the result of the relative excess of either body present at a given 
moment of time. In the case of the frog’s heart for example (Fig. 5) 
the reappearance of a digitalis action after the nitroglycerine effect 
had passed away shows us that the vaso-dilator had only masked 
the influence of the digitalis. It suggests, too, that the members of 
the nitrite group act upon digitalis-fed tissues as upon normal tissues, 
but in the former case they react upon cells with an artificial, and 
probably a higher metabolism, The antagonism seems to be purely 
physiological, ie. brought about through the mediation of the proto- 
plasm of the cell. In no sense is it chemical: the toxic effect of 
digitalis or the nitrites on frog’s muscle (gastrocnemius) is not di- 
minished by combining the drugs. But, notwithstanding that the 
action of both digitalis and the nitrite group on tissue cells is probably 
a chemical one, it is very improbable that the chemical changes 
occurring in the two cases are diametrically opposite in character. 
Chloral for example acts in the same way as nitrites but in a less 
degree’. This is explained by the limited reactions of tissues—blood 
vessels, for instance, must either contract or relax, and these effects 
can be brought about in a variety of ways. “ 

The principal outcome of the foregoing research is the proof that 
digitalis does possess an influence in counteracting the effect of the 
members of the nitrite group on blood vessels, although the influence 
of the latter in antagonising digitalis is much more powerful. 

In conclusion I wish to express my thanks to Professor Leech 
and Professor Bradbury for their kindness in placing their cases at 


my disposal. 


Compare Openchowsky, loc. cit. p. 205. 


> 
„ * 
4 
é 
an 
7 
Ag 
~ 
* * 


| 
| 


THE PHARMACOLOGY OF THE CHLOR-HYDRINS: 
A CONTRIBUTION TO THE STUDY OF THE 
RELATION BETWEEN CHEMICAL CONSTITU- 
TION AND PHYSIOLOGICAL ACTION. By C. R. 
MARSHALL, Assistant to the Downing Professor of Medicine 
in the University of Cambridge, AvD H. Lu. HEATH. (Eight 
Figures in Text.) 


(From the Pharmacological Laboratory, Cambridge.) 


THE present research was undertaken to determine the influence of 
the chlorine atom in organic combination on the heart and vascular 
system. Although numerous investigations have been made on organic 
chloro-compounds, no one of them has been directed to this end, and, 
from the point of view of synthetic pharmacology, it is one of con- 
siderable importance. If the introduction of chlorine atoms into a 
compound increases its depressant effect upon the heart and vessels, 
it will be advisable to use substances containing as few of these as 
possible, unless indeed they possess other obvious advantages. 

The narcotic action of the Chlorine atom. That the introduction 
of chlorine atoms into the molecule of a fatty compound generally 
increases its narcotic power has long been known. This occurs in 
the chloro-derivatives of methane and ethane, and a similar effect has 
been obtained in other series, So much is this the case that Binz’ 
believes that the ansesthetic effect of these compounds is dependent 
upon the chlorine atoms present. In experiments on frogs he found 
that chlorine itself exerted a narcotising action“, and he was thus led 
to assume that chloro-compounds are decomposed within the organism, 
and that the liberated chlorine atoms acting upon nervous cells induces 


1 Arch. f. exp. Path. u. Pharm. XII. p. 159 et seq. (1880); Berliner klin. Woch. 1882, 
pp. 18, 647. 

1 Arch, f. exp. Path. u. Pharm, XIII. p. 142. Binz believes that hypochlorous acid 
(sodium hypochlorite) is formed in the organism, and that this is further decomposed 
with the production of free chlorine and nascent oxygen, which is probably the active 
ingredient (p. 148). 
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sleep. This theory has been further developed by investigators in 
the Bonn School, but the proof of it is still wanting. 

Even in comparatively complex molecules the narcotic influence 
of combined chlorine atoms is still obtained. In the report of an 
investigation into the action of oxal-bases, Schulz and Mayer’ tabulate 
the difference between chlorinated and non-chlorinated compounds as 
follows : 


CHLORINE-CONTAINING BASES. CHLORINE-FREE BASES. 


Frogs. 
Distinct narcosis. No increase Narcosis late and but slightly 
in reflex activity, no muscular marked. Distinct increase in re- 
cramps, no spontaneous twitchings. flex activity. Gradual progressive 
paralysis with occasional. muscular 

cramps. 


Cates. 

Distinct narcosis. Neither pa- Great excitement. General trem- 
ralysis nor convulsions. No my- bling even amounting to tonic and 
driasis. No change in respiration. clonic convulsions. Paralysis of hind 
Marked salivation. legs. Distinct mydriasis. Respira- 

tion superficial and jerky. Sali- 
vation only present at commence- 
ment. Weak narcosis. 


Dogs. 

Distinct narcosis, Other symp- Perceptible narcosis. General 

toms as in cats. Occasional vomit- shivering. Paralysis of hind legs. 
ing. No respiratory changes. 


In every case the symptom of weak narcosis was converted into 
distinct narcosis by chlorinating the base. 

But it does not appear that the introduction of chlorine atoms 
increases the narcotic action of a compound under all conditions. 
Sodium trichlor-butyrate for example is said to be a weaker narcotic 
than sodium butyrate* although sodium trichlor-avetate is more active 
than sodium acetate’. Mayer explains this by a partial decompo- 


1 Arch. f. exp. Path, u. Pharm. xvt. p. 264. 1882. 

* Mayer (Heinrich). Arch. f. exp. Path. u. Pharm. XXI. p. 187. 1886. Dis, Rem, 
1886. V. Mering (ibid. mr. p. 208. 1875), states that trichlor-butyric acid is inactive. 

3 We have found some difficulty in coming to a conclusion as to the action of sodium 
trichlor-acetate. It is said to be inactive (Anna Tomaszewicz, PAiiger’s Arch. tx. p. 25 ; 
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sition at the time of injection and a greater attraction for the alkaline 
blood than the acid reacting tissues‘. He bases this opinion upon 
experiments made in vitro. A mixture of sodium trichlor-acetate or 
trichlor-butyrate and the finely-mashed liver of a recently killed 
animal, with or without the addition of alkali or other substances, 
was kept at a temperature of 40° for six hours. The mixture was then 
dialysed and the chlorides in the dialysate estimated. The amount 
of chlorine in the case of an alkaline mixture was found to be increased. 
With sodium trichlor-acetate 95 per cent., with sodium trichlor- 
butyrate 3°45 per cent. of the substance had been decomposed. In 
neutral solutions the decomposition was much less, 02 per cent. in 
the case of the trichlor-butyrate (Exp. 48). This explanation we 
cannot accept. Sodium trichlor-butyrate is a stable body, the de- 
composition is insignificant, and after intravenous or even subcutaneous 
injection the time-element is so small that little, if any, decomposition 
could occur. The supposition with regard to the acid-reacting tissues 
requires proof, and at present must be regarded as a statement rather 
than an explanation. We have no suggestion to offer, The instance 
is one which is contrary to our present ideas of the relation between 
chemical constitution and physiological action. Other instances of a 
diminished action resulting from the introduction of chlorine atoms 
might be mentioned, but in these cases the conditions are not com- 
parable. 

The chlorinated compounds of the aromatic series have not been 
investigated from this point of view. It is, however, interesting to 
note that Tappeiner“ found that chloral combined with an aromatic 


Rödelius, Diss. Erlangen, 1886) ; to produce narcosis (Liebreich, quoted by Hermann 
v. i.); to produce motor paralysis and sleep (Bodlinder, Centralbl. f. klin. Med. No. 16, 
1884 ; No. 7, 1885; Mayer H., I. c.) and paralysis without sleep (Hermann, fager 
Arch, xxxv. p. 85). The researches of Hermann and Mayer seem to be the most 
reliable. Both observers prepared the salt with care, and their investigations were 
performed in a similar manner. Both of them obtained paresis of the hind legs in 
rabbits without the appearance of sleep, but while Hermann obtained no effect with 
12 g. pro kg. body-weight, Mayer got an action with 35 g. pro kg. body-weight. 
Similarly in dogs; while Hermann observed no sleep with 10 g. pro kg. Mayer noted 
somnolence and sleep with 25 g. pro kg. body-weight. But even if we accept Hermann’s 
larger dosage the statement in the text (made by Mayer) remains true. 

1 “Thre quantitativ schwächere Wirkung erklärt sich dadurch, dass sie schon anf den 
ersten Wegen der Einführung zerstört wird und dass sie, wenn überhaupt unverändert 
an die Centren gelangend, dort in dem sauer reagirenden Gewebe weniger angegriffen 
wird als in dem alkalischen Blute (p. 117). 

1 Arch, f. exp. Path. u. Pharm. XXIII. p. 364. 1894. 
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compound, aceto-phenone (introduced as an hypnotic by Dujardin- 
Beaumetz), produced no narcotic effect on rabbits and only a slight 
one on dogs, whereas chloral-acetone readily induced sleep. Mono- 
chloral-antipyrin (hypnal ; trichloraldehyde-phenyl-dimethyl-pyrazolon) 
however, according to Bardet’ and Filehme’, is a decided hypnotic, 
and its action is not alone dependent on the chloral it contains. In this 
case combination with a substance of the aromatic series seems to 
have enhanced the action of the chloro-compound instead of diminishing 
it; but this is a special case. : 

The tomic action of the chlorine atom. The toxic effect of chlorine 
in an organic molecule runs an almost parallel course to that of its 
narcotic action’, An increase in the chlorine atoms produces an in- 
crease in the toxicity, if the compound is not profoundly modified 
as regards stability and physical condition. The chloro-derivates of 
the methane series become more fatal as we ascend the scale‘, Dichlor- 
methane (methylene dichloride) is safer than chloroform’, while 
tetrachlor-methane is much more dangerous“. The same remark applies 
to the chlor-ethanes. Victor Meyer’ has also shown that the introduc- 
tion of chlorine intensifies the toxic action of some organic sulphides, 
Thus, while ethyl sulphide has only a weak toxic effect, monochlor- 
ethyl sulphide is more powerful and dichlor-ethyl sulphide still more 
powerful. The last-named substance is very irritant. Bayer“ also 


1 Bull. Gen. du Therap. 1890, September. 

2 Berliner klin. Wochensch. 1898, p. 105. 

* Richet however says On concoit qu’a mésure que les substances sont plus 
compliquées dans leur molécule, et consequemment plus fixes, leur propriétés toxiques 
vont en augmentant, sans que pour cela leur fonction anesthésiques soit modifiée.” 
(art. “Anesthésie et Anesthésiques,” Diet. de Physiol. 1895, 1. 582.) 

* While the paper was passing through the press we came across a research by 
Heymans and De Buck on the action of the chloromethanes (Arch. de Pharmacodynamic, 
1. p. 1. 1895), These authors find that when administered hypodermically to rabbits 
chloroform is more toxic than methylene dichloride and methylene dichloride than 
tetrachloride of carbon. This they explain by assuming a polyvalent value for chlorine, 
thus making chloroform an unsaturated compound. 

* Richardson. Brit, Assoc. Reports, 1868, p. 171; 1867, p. 56. See remarks later. 
Brunton (An Introduction to Modern Therapeutics, 1892, p. 121) says, The experiments 
of a recent observer who claims to have used a pure substance appear to confirm the 
statements originally made by Richardson.” 

1 Richardson. Brit. Assoc. Reports, 1867, p. 55. Prothero Smith (Lancet, 1867, 
1. p. 792) and others. 

Ber. d. deut. chem. Gesell, XX. 1729. 1887. 

s Quoted by Loew, Ein Natiirliches System der Giftwirkungen, 1898, p. 29. 2 
points out that the disappearance of the methyl group in this case may have an 
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found monochlor-dimethyl arsine to be a weak poison and dichlor- 
methyl arsine a powerful one. 

The influence of chloro-compounds on the circulation. The question 
of the action of combined chlorine on the circulation has chiefly centred 
around the two compounds, chloroform and chloral. That chloroform 
exerts a depressant action on the circulation is shown by the results 
of all recent investigators’, but the cause of this depression is still a 
debated point. Gaskell and Shore“ believe it is the heart; Mac- 
William“ that it is both heart and vessels; Hare“ and Leonard 
Hill' that it is mainly the vessels. That the heart is influenced is 
asserted by all. To the isolated heart of a frog chloroform acts as a 
powerful poison. Ringer“ found that rather more than 1 minim in 
3 ounces of blood solution almost stopped the heart, and that 10 minims 
produced rapid standstill in diastole. Ether on the other hand even 
when 50 minims were added produced acceleration of the heart-beats. 
Dieballa’s’ results are similar. Calculating according to the molecular 
equivalents, he found that if chloroform be taken as 1, the smallest 
doses of the substances investigated capable of producing any effect, 


effect, This is improbable. The introduction of alkyls has a variable 
effect on the toxicity of a compound, but in the case of lead and zinc salts combination 
with ethyl increases the toxic action. 

1 The teaching in the French schools is that chloroform produces a rise of blood- 
pressure and that during chloroform narcosis the blood-pressure is above normal 
(Richet, Dict. de Physiol. 1. p. 521; Manquat, Traité élementaire de Thér. u. p. 270, 
1895). This is said to be due to vaso-constriction which is still present in surgical 
anesthesia (Arloing. These de Lyon, 1879, p. 52). Panhoff (Diss. Erlangen, 1881, 


p. 11) states that methylene dichloride also contracts vessels. 


2 Brit, Med. Journ. 1. p. 106. 18938. 

Brit. Med. Journ. u. p. 892. 1890. This Journal, XIII. p. 860. 

4 Therap. Gaz. Feb. 15, 1897. 

5 Brit. Med. Journ. April 17, 1897, p. 957. 

The last two observers leave us in doubt as to whether the vascular action is a central 
or peripheral one. Leonard Hill states that it acts directly, like amyl nitrite, on the 
musculature of the whole vascular system,” and from this we should infer that the 
action of chloroform is on the unstriped muscular fibre of the vessel walls, i. e. a pure 
local action upon the vessels. If this were sq then chloroform ought to dilate the 
blood vessels of an excised organ, but it does not do so. When perfused in the strength 
of 1 in 500 and 1 in 838 (Kobert, Arch. f. exp. Path. u. Pharm. XXII. p. 90), 1 in 1000 
or 1 in 4000 (our own experiments), it produces scarcely any effect, whereas a very small 
dose of amyl nitrite will produce a very marked action. That chloroform acts locally 


upon the vessels we do not deny, but we are not prepared to accept this as the sole 


explanation of the fall of blood-pressure. We regard the vascular effect as being in 
the first instance mainly a central one. 

* Practitioner, xxvi. p. 486; xxvu. p. 18. 1881. 

7 Arch. F. exp. Path. u. Pharm. xxxiv. p. 154. 1894. 
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were propyl-ethyl ether 4, methylene-diethyl ether 10, ethyl bromide 
16, alcohol 48, ether 48, urethane 144; the smallest doses producing 
standstill of the heart (chloroform still equals 1), propyl-ethyl ether 6, 
ethyl bromide 12, methyl-diethyl ether 12, urethane 24, ether 36, 
alcohol 192. Thus chloroform is much more toxic to the heart than 
unchlorinated compounds containing groups of a higher alkyl series. 
Furthermore, Ringer found that ethidene dichloride, containing two 
chlorine atoms was slightly less toxic than chloroform containing 
three’. Dichlor-methane (methylene dichloride) which also contains 
two chlorine atoms and is the next number of the chloromethane series 
to chloroform, is also said by Eichholz and Geuther* to influence 
the circulation less than chloroform. Lewin“ and others state that 
it is influenced in the same degree. It is however difficult to accept 
all the statements concerning this compound. Much of the so-called 
methylene dichloride found in commerce has been shown to consist 
of chloroform diluted to the proper density with methyl or ethyl 
alcohol“. The next higher chlorinated methane to chloroform,—tetra- 
chlormethane or carbon tetrachloride—is a much more powerful cardiac 
poison than the latter drug“. 

Chloral has a decided depressant effect upon the circulation. It 
acts both centrally and peripherally. It paralyses the heart and 
produces marked dilatation of the vessels. Of late years the aim of 
pharmacologists has been to counteract this effect, and produce a com- 
pound, which has no depressant action on the circulation, while re- 
taining the hypnotic powers of the older drug. Various substances— 
chloral-formamide (v. Mering), chloral-urethane (Poppi), chloral- 
ammonia (Nesbitt), chloralose (Heffter, Richet and Hanriot) 
etc.—purporting to possess this action, have been introduced but they 
all depress blood-pressure*. Chloralamide (more correctly chloral- 
foramide), and ural (chloral-urethane), according to Langgaard’, act 


1 Ringer says Ethidene dichloride affects the ventricle just like chloroform and I 
think in an equal degree. The dose used, however, was slightly larger, and death does 
not seem to have occurred so soon. 

2 Deutsche Medicinalzeitung. 1887, p. 759. 

3 Die Nebenwirkungen der Arzneimittel, 2 Aufl. p. 97. 1893. 

Kappeler, Arch. f. klin. Chirurg. xxxvim. p. 864, 1888 ; gives references. 

5 Simpson. Med, Times, Deo. 16th, 1866, and others, later. 

* Langgaard. Therap. Monatsch. 1889, 461. V. Mering and Zuntz (ibid. p. 565) 
controvert Langgaard’s statement but not with complete success. 

7 Liebreich’s view, supported also by Mairet and Bose (Journ. des Soc. Scient. 
1890, p. 27). 
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in virtue of the chloral they contain, and lower blood-pressure in the 
same degree as this drug. The hypnotics possessing least action on 
the blood-pressure are the unchlorinated ones (paraldehyde, urethane, 
sulphonal etc.), which, even in considerable doses, have very little 
effect upon it. 

Of other chloro-compounds trichloramido-butyric acid has been 
investigated by Stock’. He says the heart is uninfluenced at first, 
though later it becomes weaker, owing to the action of the drug upon 
the respiration. The chloro-derivatives of the aromatic group have 
not, as far as we are aware, been investigated from the present point 
of view. Chlorine itself according to Falk“ is lethal by its action 
on the heart, although Binz“, a later observer, believes this only 
results from its action on the respiration. 

Thus there seems to be a consensus of opinion that chloro- 
compounds depress the circulatory system and that an increase in the 
chlorine atoms of a molecule augments its hypnotic effect, and generally 
increases its toxic action. | 


The Chlorhydrins investigated. 


The three chlorhydrins investigated were a-monochlorhydrin, a- 
dichlorhydrin and trichlorhydrin, and the formule are as follows :— 


CH,OH 
a Monochlorhydrin (chlorpropylene glycol) éHoH 
H. Cl. 


a Dichlorhydrin (a-dichlorpropyl alcohol) CHOH 


Trichlorhydrin (a, B, , trichlorpropane) G0 
CH 


These substances may be regarded as glycerine in which the 
hydroxyl is gradually replaced by chlorine. They show a gradual 


1 Dissert, Berlin, 1879, p. 17. 
2 Viertelj. f. gerichte Med. u. Mentl. Sanititswesen, XVI. p. 9. 1872. 
8 Arch. f. exp. Path. u. Pharm. III. p. 148. 1880. 
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increase in the chlorine atoms, the first possessing one, the second 
two, and the third three: they retain the same alkyl radicles through- 
out. They are all liquid bodies, fairly stable, but differing in their 
solubility in water. The mono- and di-compounds are readily soluble, 
trichlorhydrin is comparatively insoluble. 

Any difference in physiological action of these bodies may we think 
be attributed to the effect of the chlorine atoms, The only other 
possibility of any moment, is an effect of the alkyl itself, and, as glycerine 
is comparatively innocuous, it seems to us that this may be discarded. 
The only evidence that we know which might be brought forward to 
support the view of an alkyl action, is the effect of the triacetyl deri- 
vative. As a rule the introduction of the acetyl radicle into an organic 
compound weakens its toxic power, but in the case of glycerine it seems 
to increase it. Triacetin, in doses of one drop injected into a lymph 
sac of a frog, produces in 5 minutes paralysis of the hind legs and 
contraction and paresis of the fore legs; afterwards convulsions of the 
trunk muscles and stoppage of the heart in systole’; effects not ob- 
tained by glycerine. Here, however, we have a different condition to 
the introduction of an acetyl radicle into a complex aromatic compound, 
or even into a simple monatomic fatty one. The acetyl molecule has 
become the predominant factor : the compound is markedly changed, and 
although stable, it is more irritating and less soluble* than glycerine, 
Such a compound could not be used to determine the influence of 
the alkyl group, and as far as we know at present this influence may 
be discarded. 

Hitherto only one research has been made on any of these 
compounds, Romensky“, working under Hermann, investigated the 
action of di- and trichlorhydrins with the following results, In 
frogs one drop of trichlorhydrin introduced into the stomach produced, 
in 15 minutes, diminution of spontaneous movement and reflex action ; 
later the reflexes completely disappeared: the heart was slowed (about 


1 Cagnoli. Ann. di. Chim. Med. farm, 1885, p. 187. 

2 The question of solubility is a very important one in comparing chemical constitution 
and physiological action. Richet (Dict. de Physiol. art. Aleools, p. 247, 1895) says the 
more a body is soluble the less it is toxic, and he suggests the explanation that this is 
due to the inability of the less soluble compound to diffuse evenly through the protoplasm. 
This explanation can of course only be applied to bodies of similar composition, and to 
solutions of the same strength, although within certain limits it is generally true. Very 
soluble bodies are naturally more readily absorbed and under ordinary conditions produce 
a greater effect because a larger quantity affects the tissue cells in a unit of time. 

3 Pfliiger’s Arch. v. p. 570, 1872. 
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12 per minute). The condition lasted 4 hours. The animal then 
gradually recovered and the next day was quite well. 

In rabbits trichlorhydrin in doses of ‘5g. (middle-sized rabbit) 
to 1˙0 g. (large rabbit) produced in 5 minutes sleep with diminution 
of the reflexes—in some the reflexes totally disappeared. Respiration 
was slow and regular (in the most marked case it fell from 90 to 48); 
the heart-beats were generally quickened (in one case from 240 to 
360). Sleep lasted from 10 minutes to several hours and was invariably 
followed by complete recovery. A constant condition was a marked 
dilatation of the vessels of the ear immediately after administration, 
which soon afterwards gave place to contraction. The temperature 
sank in all cases—in the most noticeable one 3°C. In a dog vomiting 
resulted after 34 hours, and in man the same effect occurred. On 
blood-pressure trichlorhydrin first produced a rise, then a marked 
fall. Afterwards regular periodic oscillations occurred during the 
whole of the two hours which the experiment lasted. Dichlorhydrin 
is said to act in a similar manner to trichlorhydrin on the stomach, 
but more severely. No experiments are given. 

In our own experiments the general effect of the drugs was first 
determined, and afterwards their effect upon the circulation. The 
latter was investigated by means of blood-pressure experiments, 
perfusion through the vessels of an isolated organ, and experiments 
upon the isolated frog’s heart. The effect on the gastrocnemius 
muscle of the frog was also observed. In all cases the conditions 
were kept as constant as possible in order that the experiments 


might be comparable, 


The general effect of the chlorhydrins. 


This was determined on rabbits and frogs. The rabbits were not 
fed on the morning of the experiment. The substance dissolved in 
water or made into an emulsion with weak mucilage, was injected 
through a catheter into the stomach. The quantity given was 
proportional to the body-weight. The pulse was taken by counting 
the heart-beats; the temperature was taken in the rectum. 


Expsrment I. Monochlorhydrin. Rabbit F. Wt. 1710 grammes. 
Oct. 23. 


10.0. Animal lively; ear vessels contracted; conjunctiva rather pale; 
pupils somewhat contracted ; reflexes good. 
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P. (heart-beats) 324 per minute; R. (respirations) 204 per minute; 


T. (rectal temperature) 38°7° C. 


171 grammes (1 g. pro kg. body wt.) monochlorhydrin in 25 c. o. 
water, injected into stomach. No immediate effect. 


P. 336. R. 240. Otherwise no change. 
P. 324. R. 180. T. 38°7°. 
Slight dilatation of ear vessels and conjunctiva. 

P. 312. R. 150. T. 38°6°. 

Ear vessels contracted to former size. 5 

P. 276. T. 39·1˙. No obvious change. 
Cabbage given; animal ate readily. 

P. 252. T. 38-9". 

P. 192. R. 156. T. 38°7°. 
Animal rather quieter. 

P. 168. R. 156. T. 36˙5˙. 


Animal quiet, but rather excited when touched; ee 
Put in basket; cabbage given; left overnight. 


Following morning, ‘Oct. 24. 


9.0. 


10.30. 


1.0. 


10.0. 


6.0. 


Animal intoxicated ; has eaten part of cabbage. 
Taken out of basket; hops unsteadily ; generally falls on side, when 
it has some difficulty in righting itself; even when sitting the fore part 
of the body sways from side to side. Ears erect; eyelids slightly 
closed ; conjunctive injected ; ear vessels contracted. Appears to be 
sensitive to touch and pressure. Accumulation of feces around anus, 
probably owing to loss of action over sphincter. 

P. 144, R. 66. T. 35.75. 
P. 192. R. 108. T. 364“. 
Condition of animal unchanged ; later in the day it improved; the 
intoxication being less marked ; conjunctive markedly injected. 
Oct. 25. Condition worse; cannot stand on legs. When placed on 
them tried to run a few steps, but immediately fell over on side ; 
although active efforts were made she could not rise again. When 
held up, seemed very sleepy ; the head fell to one side and the eyelids 
closed. Soon, apparently with an effort, she awoke and tried to run. 
Seemed sensitive to touch; reflexes good; conjunctive injected ; 
pupils contracted. Feces collected around anus. 

P. 300. R. 100. T. 375°. 
Forelegs slightly weaker ; ccndition otherwise same. 


: The animal gradually grew worse during the next four days. The 
temperature fell ; the heart-beats got weaker ; the muscular paresis increased ; 
and the anal sphincters became completely paralysed. Greater e 
developed, but the reflexes remained. Slight * was occasionally 


10.38. j 
11.0. 
11.30. 
1.0. 
2.0. 
4.0. 
5.20. 
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noted, and sometimes the animal would try to eat. Artificial feeding was 
resorted to, but death occurred on the night of the 3lst. On Oct. 28th 
albumin was found in the urine and continued until death, although none had 
been detected previovsly. 

P.M. A few old petechial () patches in the gastric mucous membrane; 
post mortem congestion. Kidneys microscopically examined showed enlarge- 
ment and cloudy degeneration of secretory cells. 

In a second experiment in which 1°81 grammes monochlorhydrin were 
given to a rabbit weighing 1810 grammes, a similar though more marked 
fall in the pulse rate and respiration was noticed, but the temperature was 
affected less than before. Although apparently normal when left, it was 
found dead the next morning. P.M. Slight congestion of the stomach 
and duodenum, and in the latter a few punctate hemorrhages about } inch 
from the pylorus. Kidneys much as in previous animal. 


Experment III. Dichlorhydrin. Rabbit F. Wt. 1510 grammes, Last 
fed 3.30 p.m, yesterday. 


10.0. Ear vessels contracted ; conjunctiva pale; pupils moderately dilated. 
P. 276. R. 60. T. C. 
10.15. 1˙5 grammes dichlorhydrin in 25 c.. weak mucilage injected into 
stomach. No immediate effect. 

10.20, Animal sat quietly on table. 

10.21. Head commenced to fall to one side; conjunctival reflex more 
sluggish. 

10.23. P. 288. R. 42, deeper. 

10.24. Animal laid on side; remained in this position. 

10.25. Asleep; sensation of pain (pressure on fore sais: = good ; 
conjunctival and nasal reflexes present. 

P. 294. R. 42. 

10.30. P. 312. R. 36, much deeper. Less sensitive. 

10.40. P. 276. R. 24, deeper. Corneal reflex less marked. 

10.55. P. 228. R. 24. Pressure on fore-paws produced a greater effect. 

11.7. P. 240. R. 24. Tried to raise head; drew hind-legs up. Corneal 
reflex more distinct. 

11.15. P. 240. R. 27. T. 32°8°. 
Conjunctival reflex sluggish ; nasal good; sensible to pain; respira- 
tions shallow ; ear vessels unchanged. Eyelids wide open; does not 


11.31. P. 240, R. 24, respirations much shallower ; chiefly of thoracic 
type. Made several attempts to raise head. 
12.0. P. 204. R. 18. Vomitive movements occasionally noticed. 


appear sleepy. 
Expiratory pause lengthened. 
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T. 

P. 216 R. 24. Stertorous 

P. 216. R. 18. T. 29°5°. 
P. 192. R. 36. T. 28°6°. 
P. 144. R. 28. T. 27:3". 


Inspiratory dyspnea; slight salivation; insensible to pain; nasal 
reflex fairly good, conjunctival r 


P. 62. R. 28. T. 26˙2˙. 
No conjunctival reflex; nasal still present. 
P. 96. R. 29. T. 24°5°. 
Died. 


P. M. Patch of inflammation about centre of greater curvature ; few 
ecchymoses in other places. 


Experment IV. T'richlorhydrin. Rabbit F. Wt. 2350 grammes. Fed 
5.30 p.m. yesterday. 


11.0. 


11.38. 
11.45. 


11.47. 


11.55. 


12.5. 


12.10. 


12.25. 


12.45. 


1.5. 


1.35. 


Ear vessels markedly dilated ; pupils normal. 

P. 252. R. 168. T. 39-2’. 

2˙35 grammes trichlorhydrin in 30 c. 0. weak mucilage injected into 
stomach. After injection animal became quiet and respirations 
slower and deeper. 

P. 288. R. 60, somewhat shallower. Laid partly on side ; hind- 
legs as if paralysed, fore-legs astraddle; no movement on pressing 
toes; conjunctival reflex sluggish. ; 

Tried to move, but only succeeded in walking a step or two; markedly 
intoxicated. Ear vessels slightly more contracted. 

P. 324. R. 54. T. 38°5°. Laid on side asleep; corneal reflex 
still present, 

P. 360, feeble. R. 48. T. 38°5°. 

Opened eyes and moved backward 2—3 feet, then reclined in semi - 
prone position. In a few minutes tried to walk again; movements 
P. 360. R. 48, seems better. Tried to sit up: a condition 
of alternating incoordination and increased power of movement 


P. 300. R. 36. T. 37-0°. 
P. 324. R. 36. T. 36°6°. 
Semiprone: asleep: conjunctival reflex present. 
P. 252. R. 24. T. 35·˙9˙. 


Laid on side as if asleep: respiration slow, deep, somewhat ster- 
PH. XIII. 4 


12.15. 
12.30. ing. 
12.45, 
1.15. 
1.45. 
2.45. | 
3.50. 
4.5. 
present. 
“Lying on side; asleep. 


— 


50 C. R MARSHALL AND H. IL. HEATH. 


torous; inspiratory dyspnea; slight salivation; conjunctiva con- 
gested ; ear vessels contracted. | 


2.5. P. 240. R. 18. T. 34-9. 
Marked salivation; made sudden attempt to raise head. 
3.5. P. 90. R. 12. T. 330°. 


Insensible to pain; nasal and corneal reflexes present; still sali- 
vated ; ear vessels dilated. 

3.35, P. 70. R. 12. T. 31°3°. 
Corneal reflex abolished; nasal still present; pupils dilated ; 
breathing ceased temporarily. 


45. P. 96. R. 12. r. 

Respiration irregular; nasal reflex disappeared. 
4.25. P. 84. R. 18. T. 29-0°. 

Pulse seems a little stronger; occasional vomitive movements. 
5.35. P. 72. R. 12. T. 27.3. 


Animal found dead next morning. 


P. M. Mucous- membrane of greater curvature markedly congested ; 
a few minute petechis present. Duodenum slightly congested; a few 
punctate hemorrhages. Smell of trichlorhydrin traced half-way to cecum. 
A smell of trichlorhydrin on opening cranial cavity. 


These experiments show that with an increase in the number of 
chlorine atoms the narcotic power of the compound increases: tri- 
chlorhydrin is a powerful hypnotic; monochlorhydrin is scarcely an 
hypnotic at all. Di- and trichlorhydrins are also seen to be more 
toxic than monochlorhydrin. In all cases there is a marked fall in 
the temperature, the number of respirations and the heart-beats. 
With di- and trichlorhydrins however the fall in pulse frequency is 
preceded by a slight rise. Dichlorhydrin produced the quickest and 
most marked effects, and the most rapid death. This is accounted for 
by its greater toxicity than monochlorhydrin, and its greater solubility 
than trichlorhydrin. It is probably absorbed quicker than the last- 
named drug and consequently exerts its effects sooner. 

An interesting point in connection with the action of mono- 
chlorhydrin is the great delay in the appearance of nervous symptoms. 
During the first 6 hours, nothing was noted beyond a fall in the 
pulse-rate and number of respirations. The next day there was 
muscular weakness and cerebral depression. As all the chlorhydrins 
are irritants to the alimentary tract the question is raised whether 
this remote action is not a secondary one. We think not. The 
lesions found post-mortem were not sufficient to account for the 
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condition, and we have seen greater changes produced without the 
occurrence of similar symptoms. The delay is peculiar in that 
monochlorhydrin is a very soluble compound. Probably some de- 
composition or retention of the substance in the body occurs, but 
whether this is so or not, we cannot say. A somewhat analogous 
condition has been noticed with ethyl bromide. Hennicke found 
that after inhaling 2—3 per cent. ethyl bromide, white rats completely 
recovered, but they died the next day. Dreser“ explained this by 
assuming that all the ethyl bromide was not exhaled, that part was 
retained in the body (probably in the nerve cells), and undergoing 
decomposition, produced products which were more poisonous than 
ethyl bromide itself. On narcotising cats with ethyl bromide, he 
found that if the animal died under the anesthetic very little bromine 
was present in the urine, but if recovery occurred the amount of 
bromine greatly increased. Similarly in men, a marked increase in 
the amount of bromine in the urine occurred after the administration 
of ethyl bromide as an anwsthetic. Whether the chlorides in urine 
are increased by the administration of monochlorhydrin we have not 
yet determined. 

In order to compare the relative effects of di- and trichlorhydrins 
smaller doses were used. To two young rabbits weighing 1 050 kg. 
and 1 kg., 53 c. c. dichlorhydrin and ‘5 c.c. trichlorhydrin were 
respectively given. As before, the substance was rubbed up in weak 
mucilage, and injected into the stomach. The same symptoms as we 
have already described occurred. There was a marked fall in the 
temperature and the number of respirations. In the rabbit which 
had received trichlorhydrin the respirations fell from 168 to 48 during 
the first 15 minutes, and the temperature from 39°1°C. to 35°2°C. 
in the first hour. In corresponding times dichlorhydrin diminished 
the number of respirations from 156 to 60, and the temperature 
from 39°0°C.. to 352°C. The frequency of the pulse was not so 
markedly affected. In both cases there was a preliminary rise 
followed by a slight fall: the trichlorhydrin produced the most 
powerful effect. As a narcotic the trichlorhydrin was by far the 
more powerful. Fifteen minutes after the administration of the drug, 
weakness in the legs occurred and was soon followed by complete 
narcosis. This continued 63 hours, when the animal was left—the 
temperature at the time being 340°C. With the dichlorhydrin, 


1 Dissert, Bonn, 1895. 
® Arch. f. exp. Path. u. Pharm. xxxvi. p. 235. 1896. 
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somnolenoe was produced which lasted all the afternoon, but which 


was insufficient to prevent spontaneous movement. Next morning 
both animals were apparently quite well. During the day they ate 
their food as usual. The following morning both were dead. On 
section they showed patches of inflammation with hemorrhages in the 
stomach, duodenum and upper part of jejunum and in both blood- 
stained fluid was found in the peritoneal cavity. The stomach was 
full of food, and the liver and kidneys congested. 

With 25 g. pro kg. body-weight, trichlorhydrin produced decided 
somnolence with a fall in the temperature (38°5° to 36°6° in 2 hours) 
and the number of respirations (192 to 60); dichlorhydrin only 
produced slight somnolence, and a fall of respiratory frequency (168 to 
60) and temperature (38°7° to 36°4° in the same time). The rate of 
the pulse was not appreciably affected. Both animals recovered but 
they died some time afterwards, the dichlorhydrin one after 15 days; 
the trichlorhydrin after 31 days. 

Thus as far as the effect on respiration and temperature is 
concerned, both compounds seem equally powerful. The toxic dose 
of the two substances is also approximately equal, but trichlorhydrin 
is a much more powerful hypnotic than dichlorhydrin. The effect 
on the respiratory frequency is probably due to the irritant action 
of these compounds on the alimentary tract, and the lethal effect may 
be partly explained in the same way. This influence on the kidney 
however is also an important factor in the production of death. The 
effect on the brain, and the toxic action, in the case of the chlorhydrins 
are independent conditions, and therefore they do not run a parallel 
course. The difference in stimulating power between di- and 
trichlorhydrin when pure is not great, and of the two, dichlorhydrin 
is the most irritating, on account of its greater solubility. In solutions 
of equal strength trichlorhydrin is the most powerful. 

In frogs the relative effects of these compounds is again brought 
out. Monochlorhydrin (‘01 e..) injected into the dorsal lymph sac 
produced no definite action: 01 cc. dichlorhydrin caused muscular 
weakness, irregular movements, diminution in reflexes and slight 
narcosis: 004 c.c. trichlorhydrin produced a markedly comatose con- 
dition. 


The effect on blood-pressure. i 
Rabbits were used in all cases, The manometer was connected 
with one of, the carotids, and a cannula was placed in the femoral vein 
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for purposes of medication. Urethane was * — A. C. x 
during the experiment. 

The effect of monochlorhydrin is shown in Fig, 1. Proviously, 
‘1 ce. (in 10 */, solution) had been injected and had produced a fall of 
pressure from 52 mm. to 45 mm. and a subsequent rise to 67 mm. ; 
2 c.c. was then injected and produced a fall (see tracing). from 
64 mm. to 44 mm. The.effect however is very transient. The same 
dose injected again gave the same result, and afterwards when 5 Ce. 
was injected scarcely any greater effect was obtained. 

Dichlorhydrin in one-sixth the dose (033 ec.) produced as 
as great an action. In this case the respiration was as distinctly 
affected even before the blood-pressure began to fall. The same effect, 
though more marked, was produced when double the dose was given 
(Fig. 2). A still smaller dose of trichlorhydrin produced a still 
greater fall of blood-pressure (Fig. 3). Here, again, the respiratory 
curves are obliterated, but the effect is less marked than with the 
pichlorhydrin compound, and in part, if not altogether, is due to the 
fall of pressure. The experiments were repeated several times with 
the same results. Glycerine has practically no action on blood - 
pressure. 

Thus an increase in effect with each increment of chlorine is 
distinctly shown. Monochlorhydrin has a very slight action (though 
compared with glycerine in even larger doses this is marked): 
trichlorhydrin a powerful one. Dichlorhydrin lies between the two, 
but nearer to tri- than monochlorhydrin. The effect appears to be 
more a vascular than a cardiac one. With the fall of blood-pressure 
the pulse-wave increases in size and the heart-beats in number, but 
in order to determine this more fully the substances have been tried 
upon isolated organs. 


Effect on isolated blood-vessels. 


The kidney of the sheep was the organ used and the blood of the 
same animal was perfused. The kidney and blood were placed in 
jacketed-ovens kept at a uniform temperature, and the blood-pressure 
was kept constant by means of a mercurial manometer. Normal 
blood was first perfused and then blood containing the poison. The 
following experiments made with zwe solution show the relative 
action of these compounds. In all cases the temperature was kept 
at 37°C. and the pressure at 70 mm. Hg. The outflow from the 
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renal vein was measured every minute. The lighter type indicates 
normal blood, the heavier, poisoned. 


MonocHLORHYDRIN. DICHLORHYDRIN. TRICHLORHYDRIN. 
45 ac, 120 c. c. 6°5 c. o. 
4°5 11-5 6:5 
4.5 115 6˙5 
4˙5 115 6˙5 
50 12˙0 6-0 
50 12˙5 8˙5 
4˙5 15:0 70 
40 150 80 
40 140 12:0 
40 13°5 9-0 
40 13˙5 60 
5-0 13°5 5-0 
5-5 13˙5 4˙5 
5˙5 135 50 
5-0 130 5˙5 
40 14:0 6-0 
3°5 140 6°5 
3-5 13°5 6°5 
3°5 12°5 6°5 
3˙5 115 5-0 
40 10-0 40 

100 30 


When blood containing rh of the drug was perfused contraction 
resulted in all cases. Di- and trichlorhydrins acted with almost 
equal intensity and were much more powerful than monochlorhydrin. 
In this strength the irritant effect of the compounds is predominant ; 
contraction of the vessels was quickly followed by death. With 
sey solutions monochlorhydrin is almost without effect; dichlorhydrin 
dilates slightly; while trichlorhydrin produces distinct dilatation. 
It does not appear, however, that the fall in blood-pressure is purely 
vascular, indeed, from considerable experience with perfusion work 
we may say it is not, and this is further shown by the action of the 
compounds on the isolated heart. 


4 
7 
q 
* 
7 
7 
5 
a 
7 
* 
* 


56 O. R. MARSHALL AND H. L. HEATH. 


Effect on the isolated heart of the frog. 


The apparatus used in this case was a modified Williams. The 
heart was put up in the usual way but the tracing instead of being 
taken from systole was taken from diastole. The small vessel con- 
taining the heart was connected with a Roy's oncograph. This 
arrangement does not impede the artificial circulation, but it possesses 


Fig. 4. Effect of dichlorhydrin on frog’s heart. Williams’ apparatus. Diastolic tracing ; 
downstroke represents systole, upstroke diastole. Time marks 2 seconds. Perfusion 
fluid=fresh sheep’s blood 1; -65 p.c. salt solution 8. (a) zi dichlorhydrin run 
through heart (6°83). (6) normal fluid (6,6’.30”). In both instances the fluid was 
allowed to run through the heart 30 seconds in order to clear the tubes of the normal 
and poisoned blood respectively. 


the disadvantage that the tracing is reversed—the upstroke represents 
diastole, the downstroke systole. The perfusion fluid used consisted 
of 1 part of fresh sheep’s blood mixed with 3 parts 65 % salt solution. 

Monochlorhydrin exerts very little action on the heart: ,4,5 pro- 
duced no effect, and even 1 per cent only produced a slight diminution 
in systole, , 

Dichlorhydrin ;;55 produced a distinct effect: the heart was slowed 
and systole became less complete. Afterwards when ,}, was perfused 
a similar but more marked effect was produced (Fig. 4). 

Trichlorhydrin has a still more powerful action (Fig. 5). In the 
strength of x55 it depressed the heart, producing complete diastole — 
with markedly diminished systole, and slightly increased the frequency 
of its beats. With ;,, a marked action resulted and the heart became 
slightly irregular: on perfusing the unpoisoned solution the heart- 
beats returned to normal. Subsequently ,4, was perfused with practi- 
cally the same result. 

The chlorhydrins therefore exert a depressant action upon the heart; 
monochlorhydrin producing a slight, and trichlorhydrin a powerful effect. 
Dichlorhydrin again holds a position between the two, and approaches 
the trichlor- rather than the monochlor-compound in activity. 
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Fig. 4. (a) wr trichlorhydrin (1.50. 30% run through heart to 
through 1 min. (e) rs, trichlorhydrin (2.89). (d) Normal 


(1. run 


clear tubes etc. 75 seconds. (b) Normal fluid 
(2.58’.80”) run through heart 1 min. 


Fig. 5. Effect of trichlorhydrin on frog's heart. Ornditions same as Fig. 4. (a 
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Effect on voluntary muscle. 


| All the experiments were made in the spring of the year. The 
| apparatus used was Wild’s; the muscle, the gastrocnemius of the frog. 
The results correspond to those obtained on the heart and vessels. 


Pig. 6 


Fig. 8 


| | Fig. 6. Tracing from gastrocnemius of frog. Stationary drum. Effect of monochlor- 
. hydrin. Contractions taken every 8 minutes. (N) normal contractions. x. 2 per cent. 
4 monochlorhydrin solution introduced. 


Fig. 7. Effect of dichlorhydrin, Gastrocnemius of frog. Contractions every 3 minutes. 
| (N) normal contractions. x. i dichlorhydrin introduced, 
| Fig. 8. Effect of trichlorhydrin. Gastroonemius of frog. Contractions every 8 minutes. 
(N) normal contractions. x. yy, trichlorhydrin introduced. 


| Monochlorhydrin is almost without effect. In a 1 per cent. solution 
| the muscle lives 24 hours; in a 2 per cent. solution usually 1—2 hours ; 


Fig. 6 shows the most marked action obtained with this strength. 
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Dichlorhydrin zw kills within the hour; x4, as a rule within 2 hours 
(Fig. 7). Trichlorhydrin is much more powerful: chu invariably kills 
within 45 minutes and usually in 30 minutes; x}, almost at once. 

A rise in the base-line is generally obtained with these compounds, 
but in the case of the mono- and dichlorhydrins this is not invariable 
(cp. Fig. 7). The effect is probably a purely irritant one and due to 
an action on the protoplasm of the cell resembling coagulation. Both 
di- and trichlorhydrins precipitate albumen; monochlorhydrin does 
not. 

The constantly proportionate effects on nervous and muscular tissues 
are very suggestive that the action of the chlorhydrins is a direct one 
upon the protoplasm of the cell. Whether they enter into the compo- 
sition of the cell or not it is at present impossible to say. Perhaps they 
do. But in any case the life-processes of the cell are inhibited and 
even from the first their action is a depressant one. The effect of 
trichlorhydrin is strictly comparable to what we know of other trichlor- 
compounds. of the fatty series, and the best conception of the action 
of these compounds is obtained by regarding them as protoplasmic 
poisons and not as possessing merely a selective influence upon 
nervous tissues. 


SUMMARY OF CHIEF RESULTS. 


(1) The introduction of chlorine atoms into a compound of the 
fatty series increases its narcotic power. | 

(2) It increases also its toxic power, unless the compound is 
greatly changed as regards its physical characters and especially its 
solubility. Thus dichlorhydrin is equally toxic with trichlorhydrin 
when the drugs are administered in the ordinary way, but dichlorhydrin 
is much more soluble; it is more rapidly absorbed' and a larger 
quantity is present in the system at one time than is the case with 
trichlorhydrin. Owing to its solubility its irritant action is even greater 
than that of the trichlor-compound. As in both cases death is 
the result of changes produced in the alimentary canal and kidney 
this apparent exception is explained. That the toxicity is 
increased by the replacement of the hydroxyl of dichlorhydrin by 
another chlorine atom is shown in their relative action on the heart 


For the influence of the chlorhydrin on plasmolysis see Overton, Zeitsch. f. physikal, 
Chem, XXII. p. 199, 1897. 
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and voluntary muscles, where the actions of complete solutions of the 
drugs are obtained. 

. (3) The influence on muscular tissue rapidly increases with each 
increment of chlorine, and as far as the chlorhydrins are concerned this 
action runs parallel with their power of producing narcosis. 

. (4) Asa result of their influence on muscular tissue the circulation 
is distinctly affected. By the higher chlorinated compounds the heart 
is more quickly paralysed, and the blood vessels more markedly dilated, 
than with those lower in the series. Thus, as far as the circulatory 
system is concerned, the introduction of chlorine atoms into a fatty 
compound produces a depressant effect which is proportionate to the 
amount of chlorine present. : 
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EXPERIMENTAL OBSERVATIONS ON THE CROSSED 
ADDUCTOR JERK. By PURVES STEWART, M.A. 
M.D., Late Assistant to the Professor of Physiology. Assistant 
to the Professor of Medicine, University of Edinburgh. (Three 
Figures in Text.) | 


I HAVE recently had the opportunity of observing a patient who 
exhibited a peculiarity in the deep reflexes which, although described 
by various observers as occurring in certain of the lower animals, is 
somewhat rare in man. On tapping one patellar tendon in the usual 
way this patient showed not merely the ordinary knee-jerk on that 
side, but in addition a crossed knee-jerk, or more accurately, a 
crossed adductor jerk, was also evoked. Thus, for example, if the 
right patellar tendon was tapped, two jerks occurred, the one being 
that of the right quadriceps extensor, the other that of the left 
adductor muscles. Conversely, if the left patellar tendon was tapped, 
the knee-jerk occurred on the left side and the adductor jerk on the 
right. Moreover the left adductor jerk was only elicited by tapping 
the right patellar tendon, and the right adductor jerk only by tapping 
the left patellar tendon. 

To the naked eye these two jerks which occurred when one patellar 
tendon was tapped seemed to be practically simultaneous, but the case 
seemed to me to be worthy of experimental observation by more 
delicate methods, in order to determine some points in the comparative 
physiology of the knee-jerk and of the adductor jerk respectively. 
The only experiments, with which I am familiar, which have been 
done on the human subject on the comparative time-relations of the 
knee-jerk and of the crossed jerk are those made by Dr Glynn of 
Liverpool’. In Dr Glynn’s case, the crossed reaction was apparently 
due to the vastus internus of the opposite side and not to the adductor 
muscles, as in my own case. Glynn’s observations are of extreme 
interest, but their value as accurate time-records is impaired by the 


1 This Journal, xx. p. 830. 1896. 
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fact that the measurements were made by means of Marey’s tambours, 
in which a long column of air has to be set into vibration before 
moving the drum of the recording tambour. There was thus a 
considerable time-loss due to the apparatus employed. But in spite 
of this, Dr Glynn’s results showed, clearly enough, that the crossed 
jerk in his case occurred after an interval, roughly speaking, four 
times as long as that occupied by the period from the tap on the 
tendon until the commencement of the knee-jerk. __ 

In order to avoid these and other fallacies I devised the following 
experiment, for the carrying out of which Mr Victor Horsley and 
Dr Vaughan Harley kindly placed their laboratory at University 
College, London, at my disposal, and Mr Horsley moreover had the 
kindness to have the necessary apparatus made for me. 

The patient was seated upon a mattress with his back resting 
against a vertical support, the hips being slightly abducted, the 
knees semi-flexed and the feet resting comfortably against a foot- 
piece. In this way the quadriceps tendon of each knee was kept 
moderately stretched, so that the slightest tap on the patellar tendon 
evoked the knee-jerk of the same side and the adductor jerk of the 
opposite side, | 

Three long light aluminium levers were arranged to record the 
three events under observation, viz. : 

(1) The moment at which the patellar tendon was tapped. 

(2) » knee-jerk occurred. 

(3) » crossed adductor jerk occurred. 

(1) A lever ‘of dusision was used, about 8 inches long, § inch 
broad, and about as thick as a piece of stiff writing-paper, thus 
combining lightness with rigidity. The axle of this lever was so 
placed as to leave a long end of 6 inches and a short end of 2 inches. 
To the extremity of the long end was affixed a small platinum needle 
at right angles to the long axis of the lever, and in the same plane as 
the sharp edge of the lever. A small platinum contact was arranged 
to touch this needle, and a wire was led from the platinum contact, 
through a Grenet cell, to a small electromagnet signal and thence 
back again to the axle of the lever. The short end of the lever was 
twisted on its own long axis through a right angle so that its flat 
surface could be accurately laid upon and adjusted to the surface of 
the patellar tendon to which it was firmly fixed by means of sticking- 
plaster. In this way a tap upon the short end of the lever, de. a tap 
on the patellar tendon, caused the long end of the lever to fly up and 
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open the galvanic circuit, thus causing the electromagnet signal to be 
depressed at the same instant, and thereby recording the exact moment 
at which the tap on the tendon occurred. 

(2) Another lever, similarly provided with a projecting platinum 
needle at its long end touching a platinum contact, had its long end 
strapped by means of sticking-plaster to the skin covering the 
quadriceps extensor, but with the narrow edge of the lever resting 
on the skin. In this way the instant that the quadriceps began to 
contract, the long end of the lever was thrown up and the moment 
of occurrence of the knee-jerk was recorded, by means of another 
electromagnet signal which fell at the instant when the galvanic 
circuit was opened. A small wooden counterpoise was fixed to the 
short end of the lever, this short end hanging free. 

(3) Another counterpoised lever, similar to No. 2, with a needle 
touching a platinum contact and arranged in connection with an 
electromagnet signal, was strapped in a similar manner, so that its 
narrow edge rested on the inner aspect of the opposite thigh so as to 
be moved by the slightest contraction of the adductor muscles. 

The three signals in connection with these levers were all arranged 
so as to write in the same vertical plane upon a smoked glass plate, 
measuring 20 inches long x 71 inches broad. This glass plate was 
mounted in a solid frame, which was shot with great velocity 
horizontally past the writing points by pulling a trigger which 
released a strong spiral spring. (Smith’s “Shooter.”) 

(4) A tuning-fork, vibrating 250 times per second, driven by a 
Grenet cell, was also arranged so as to write below the three signals 
above described and in the same vertical plane with them. 

Each experiment was done as follows: An assistant pulled the 
trigger of the “shooter” (Dr Donald Armour, of Toronto, kindly 
did this part for me) and at the same time gave a signal to the 
experimenter, who at once tapped the patellar tendon. In this way, 
whilst the glass plate was shooting past the writing points, the time 
at which the patellar tendon was tapped was recorded, together with 
the time of occurrence of the knee-jerk and of the crossed adductor 


It will be observed that the above is a more accurate method 
of recording the time at which each of the three events occurred 
than the method employed by Dr Glynn, who used a system of 
tambours and elastic tubes containing air to be set in motion. But 
my method is also a much more difficult and delicate one to manage, 
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inasmuch as the opening of a current was used as the record of the 
movement of the lever. It would have been easier to have made 
the long end of each lever to close a circuit, but in that case there 
would still have been a slight time-loss in the recording apparatus, 
inasmuch as the electromagnet signal would not have begun to move 
until the circuit was completed and the galvanic current had had 
time to establish the magnetism of the electromagnet. This would 
have caused a slight but appreciable delay. In these experiments, 
however, the levers were all arranged so as to open circuits which 
had already been established, so that no time corrections of any sort 
were necessary. Both time and patience, however, were required in 
order to see that all three circuits were actually closed by apposition 
of the levers with the platinum contacts at the moment the tap was 
delivered on the tendon. A large number of experiments were done, 
but only a small proportion of them were successful, owing to the 
frequent accident that some one of the three circuits was not actually 
closed at the time, in which case, of course, the circuit being already 
open, the corresponding electromagnet signal did not move and only 
two events were recorded, for example, either the patellar tap and 
the knee-jerk without the crossed adductor jerk, or the patellar tap 
and the adductor jerk without the knee-jerk. 

Photographs of three successful tracings are shown in illustration 
of this paper. They show clearly enough that the crossed adductor 
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jerk occurs at an interval distinctly later than the knee-jerk. Thus, 
in Fig. 1, the knee-jerk occurred in 19°5 vibrations, the crossed ad- 
ductor jerk not until 34 vibrations after the tap on the patellar tendon 
had been delivered. In Fig. 2 the knee-jerk occurred in 145 and 


Fig. 2. 


the crossed adductor jerk in 27˙5 vibrations, whilst in Fig. 3 the 
knee-jerk occurred in 17°5 and the crossed adductor jerk came in 


1 
334] 
Fig. 8. 


33 vibrations after the stimulus had been applied. The average delay 

between the occurrence of the knee-jerk and the crossed adductor 

jerk in these three experiments is therefore about 143 vibrations, ite. 

057 see. or 57 “millisecs.”. This interval is considerably shorter than 
PH. XXII. 5 
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the average difference between the two sides in Dr Glynn’s case. 
He found the average difference to be from 80 to 90 millisecs. This 
is all the more remarkable, inasmuch as the average time taken 
for the knee-jerk to occur in my case was 69 millisecs (58 millisecs 
being the minimum) as compared with 25 to 30 millisecs in Dr 
Glynn’s case: whilst the average time taken for the crossed jerk to 
occur in my case was 126 millisecs as compared with 110 to 120 
millisecs in Dr Glynn’s patient (the results in the case of the crossed 
jerks being thus almost identical). 

I am not inclined in the meantime, from my own experiments, to 
attempt to draw any conclusions as to the average absolute time neces- 
sary for the production of the knee-jerk or crossed adductor jerk, for 
the reason that my experiments have not yet been sufficiently numerous 
to justify any generalisations on those points. I hope, however, at 
some future date to perform another series of experiments whenever 
I find another patient exhibiting a similar abnormality. Meanwhile 
it is worthy of note that the time relations in experiments done in 
the manner here described are obviously less liable to fallacies inherent 
in the apparatus than are the results obtained by some other observers. 

Let us now endeavour to summarise the salient points in our 
present knowledge of the knee-jerk and crossed adductor jerk re- 
spectively. 

By the work of Westphal, Waller, Gotch, and many others, 
it has already been demonstrated conclusively that the knee-jerk is a 
direct muscular jerk produced by sudden stretching of the muscle. 
It is not a true spinal reflex, since it occurs after an interval too short 
for an ordinary reflex action. But it depends for its production upon 
the integrity of the reflex arc, which, by causing a reflex muscular 
“tone,” permits the muscular twitch to be evoked. 

Opinions, however, have hitherto been divided as to the nature 
of the crossed adductor jerk, some authorities (for example, Gotch) 
holding that it is a true reflex, whilst others, such as Waller, hold 
that it is, like the knee-jerk, a direct muscular jerk produced by 
suddenly stretching the adductor muscles. Those who hold the latter 
view would explain the occurrence of the adductor jerk, in such a 
case as I have mentioned, as being due to the “jar” of the pelvis 
by the tap on the patellar tendon, thus causing the adductor muscles 
to be suddenly stretched, just in the same way as the knee-jerk is 
evoked by the sudden stretching of the quadriceps tendon. This 
view, however, appears to me erroneous, and for two reasons ;—firstly, 
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because a tap on any of the bones in the region of the knee (patella 
femur or tibia) although equally likely to “jar” the pelvis, did not 
evoke the adductor jerk, which it ought to have done had the exciting 
cause been a mere “jar” of the pelvis: and secondly, because only 
one adductor jerk was evoked and that by a tap on the opposite patellar 
tendon, whereas if it were a mere “jar” communicated to the pelvis 
it would excite both adductor jerks equally. The view held by others, 
again, that the adductor jerk is due to a sudden mechanical shock 
to the spinal cord appears for the same reason to be erroneous, since 
a shock to the cord would elicit jerks on both sides, not merely on 
one, and that the opposite side to the tendon which was tapped. 

From a consideration of the experiments above described it may, 
I think, be fairly concluded :— 

(1) That the crossed adductor jerk is not due to direct stretching 
of the adductor muscles by a shock communicated to the pelvis. 

(2) That the crossed adductor jerk is not due to a shock me- 
chanically transmitted to the spinal cord. 

(3) That the crossed adductor jerk is a true reflex, occurring at 
a period distinctly later than the ordinary knee-jerk. 

(4) That the average time required for the appearance of the 
crossed adductor jerk is about 126 second from the time at which the 
opposite patellar tendon is tapped. 

In conclusion, I beg to state that this investigation is obviously 
capable of farther work, and I hope to supplement what I have already 
described on some future occasion when a suitable opportunity offers 
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ON THE INFLUENCE OF MUSCULAR EXERCISE, 
SWEATING, AND MASSAGE, ON THE METABO- 
LISM.' By J. C. DUNLOP, MD., F. R. C. P. (Lad); D. NOEL 
PATON, M. D., FR C. P. B.Sc.; R STOCKMAN, MD., 
F. R. C. P. (Ed.), anv IVISON MACCADAM, FRS. (Aa.) 


(From the Laboratory of the Royal College of Physicians, Edinburgh, 
| and the Chemical Laboratory, Surgeon’s Hall, Idinburgh.) 

Since Liebig in 1842 developed his famous theory of the source of 
muscular energy, the influence of muscular work on the metabolism 
has arrested the attention of many physiologists, and much has been 
recorded on the subject. From previous observations, we now know 
that while the principal source of energy is in the non-nitrogenous 
constituents of the body, the nitrogenous constituents are always 
decomposed to a greater or less extent if the work is at all excessive. 
The object of the present research is to attempt to elucidate the source 
of the proteid material decomposed after muscular work, and generally 
reinvestigate the subject. The excretion of uric acid and allied 


nitrogenous bodies and of phosphoric acid received special attention, 


for an indication of the source of the proteid decomposed may be found 
in the influence of muscular work on these excretions. 

Muscular tissue is rich in the native proteid, g. globulin, but is 
poor in nucleo proteids, and consequently, were it found that the 
increased excretion of nitrogen were accompanied by increased ex- 
cretion of uric acid and allied bodies, along with an increased excretion 
of phosphoric acid, substances derived from the decomposition of the 
nuclein element of nucleo proteids, it would indicate that not muscle 
but some other tissue supplied the proteid. It is an established fact 
that in hunger the proteid of one tissue can be called on to supply 
the wants of another’, and it is of interest to know whether such an 


1 The expenses of this Research were paid out of grant from the British Medical 
Association. 


2 Cp. Neumeister’s Physiologischen Chemie. 1. p. 277; and also a paper by Paton, 
Dunlop and others on the metabolism of Salmon in fresh water to be published shortly 
in the Scottish Fishery Board Reports. 
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abstraction of proteid from other tissues may result from excessive 
muscular work, 

In undertaking this investigation, it appeared desirable to render 
the observations as complete as possible, and hence, not only were the 
various nitrogenous excretions in the urine dealt with, but the excre- 
tions of the principal inorganic constituents were also investigated. 

The analyses were divided between the four observers. Mr 
Maccadam estimated the potassium and sodium in the urine, 
Dr Stockman estimated the uric acid and creatinin in the urine, Dr 
Paton the chlorides and phosphates of the urine, Dr Paton and 
Mr Maccadam the sulphates, and Dr Dunlop the total nitrogen, 
urea, extractive nitrogen and preformed ammonia of the urine and 
the nitrogen of the fes and food stuffs. The general management 
of the observations was undertaken by Dr Dunlop. 

There are two factors which must necessarily complicate obser- 
vations on the effects of muscular exercise, the one sweating, the 
other the mechanical influence of contracting muscle on the flow of 
blood and lymph. These two factors we have investigated by separate 
experiments, adopting the dry heat of a Turkish bath to produce 
sweating, and general massage to imitate the mechanical influence 
on the blood and lymph flow. 

We shall here give, firstly, a detailed statement of the experiments 


undertaken ; secondly, a consideration of the effects produced on each 


of the excretions examined; and, lastly, conclusions to be derived 
from the results. | | 

Reference to previous work will principally be found in the second 
part. 


I. Report oF EXPERIMENTS. 


Five experiments were made, of these three were to investigate 
the effect of excessive muscular exercise, one that of sweating and 
one that of massage. In all of them the general arrangement was 
similar. The subject was put on a rigidly fixed diet for a period of 
seven days. It was found impracticable to continue the conditions 
for a longer period. The muscular work was done on the fourth day. 
This gave a sufficiently long fore-period to show changes on the 
experiment day, and a sufficiently long after-period to show later 
changes. 
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The diet adopted was as follows: 


Breakfast—Porridge and milk, biscuit and butter, and tea. 

Lae (tinned turkey, ham and tongue, minced and 
thoroughly mixed), biscuit and butter. 

Afternoon tea—Tea, biscuit and butter. 

Dinner—Meat as at lunch, rice and milk, biscuit and butter. 


In addition to the above, a measured quantity of whiskey and 
water was daily allowed. 

All the constituents of this diet were carefully measured, and of 
them only two, oatmeal and rice, required cooking before use: thus 
manipulative error was reduced to a minimum. 

The supply of salt was carefully regulated, a measured quantity of 
a solution of salt being used daily in each experiment. 

The quantities of the various ingredients are stated along with 
each experiment. 

The methods of analysis adopted were as follows : 


Urine. Total Nitrogen, Kjeldahl’s method. 
Urea, Bohland’s method’. 
Preformed Ammonia, Schlössing's method. 
Extractive nitrogen, Calculated by difference between sum 
of urea and ammonia nitrogen and 


total nitrogen. 
OCreatinin, Neubauer“. 
Sulphates, Neubauer“. 
Chlorides, Neubauer and E. Salkowskit 
Phosphates, Neubauer and E. Salkowski’. 


Potassium & Sodium, Bunsen’s method. 


Faces. These were dried on a sandbath with dilute sulphuric 
acid, and their nitrogen estimated by Kjeldahl's method. 

Food stuffs. The amount of nitrogen contained was determined 
by Kjeldahl's method. 

Euperiment 4. The subject of this experiment was a naturally 
muscular man, t. 28, a masseur, who for some time previously had 
very little exercise, and whose muscle was soft. On the fourth day he 
took what was for him violent exercise, which consisted of bicycling 
86 miles on hilly roads. The day was wet, cold and windy. He 


1 Archiv fiir d. ges. Physiol. xxxv. p. 199. 1885. 
2 Salkowski and Leube, p. 111. 3 p. 175. * p. 171. 5 p. 183. 
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complained of great fatigue, said that he felt hot in bed and could not 
sleep for several hours after retiring on the night after exercise. He 
suffered from stiffness in legs and arms and great thirst for two days 
after the exercise. Details of his diet, excretions, etc., will be found in 
the following tables. It will be seen in these tables that his supply 
of nitrogen was unnecessarily large, so large that his metabolism was 
hardly in a state of equilibrium before the third day; allowance must 
be made for this in considering the figures. His supply of water, fixed 
for himself on the first day, was too small, but he adhered strictly to 
it to the end of the experiment. 


Taste 2. Showing constituents of diet used in Exp. A and amount of 
nitrogen contained. Quantities expressed as grms, except where noted. 


i N N 

Meat 350 2°50 
Biscuit 260 2°55 66 
Milk 1000 c.c. 59 5°9 
Oatmeal 120 2°60 3-1 
Rice 120 1°31 146 
Butter 60 26 2 
Sugar 45 0 
Whisk 100 c. o. 0 
Salt solution 20 C. o. 0 
Tea tabloids, 6 trace 


Total nitrogen of diet 26˙3 


This diet has an energy value of 326281 calories, equivalent to 535 per 
kilogramme of body weight. 


Experiment B. The subject of this experiment was a physician 
of 35 years of age. He was in worse training than the subject of 
exp. A., his muscles being very soft. His exercise consisted of walking 
13 miles, riding 12 miles, digging 1 hr. and 40 min., and ascending a 
hill of the height of 800 feet. After exercise he complained of being 
very tired, disinclined for food at dinner-time, tendency to sleep then, 
but want of sleep in bed. On the following day his appetite was poor, 
his tongue coated with white fur, he felt tired and in the afternoon 
became very stiff. On the second day after exercise he was stiff in 
the forenoon but that wore off towards evening. On the third day 


1 The composition of the food was calculated from diet tables, except the proteids, 
which were estimated from the nitrogen as shown in the tables. The fat of the meat 
was estimated by extraction with ether in Soxhlet’s apparatus. 
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he was completely recovered. The exercise was taken on a hot day, 
and was accompanied by free perspiration, especially profuse when 
digging. An extra supply (500 cc.) of water was taken on the 
exercise day. His diet was supplemented by a small portion of 
cheese at dinner. 

The method of estimating creatinin was found to be so laborious 
and unsatisfactory that it was omitted in this and the subsequent 
experiments. It was considered unnecessary to analyse the feces. 


TABLE 4. Quantities 
except where noted. 


Nitrogen 

Food stuff poy per cent. per 
Meat 187 25 4°7 
Biscuit 203 2°14 4˙3 
Milk 1000 o. 59 5-9 
Oatmeal 80 2°6 2˙1 

i 30 1°31 4 
Butter 34 2 1 
Cheese 30 4°51 13 
Sugar 45 0 
Whiskey 120 C. o. 0 
Salt solution 20 0. 0. 0 
Tea tabloids, 8 trace 

Total nitrogen of diet 18°8 
This diet has an value of 21350 calories, equivalent to 337 per 


kilogramme of body t. 


Experiment C. The subject was a physician, 31 years of age, who 
at the time was in good muscular training, having exercised regularly 
on a bicycle for some time previously. His exercise consisted of 
bicycling 50 miles, walking 5 miles and digging for 2 hours. When 
digging he made and refilled a trench 12 ft. by 4 ft. by 3 ft. 6, and 
in doing this lifted over five tons of soil. After exercise he was very 
tired and complained of great thirst, but slept soundly. There was no 
rise of temperature. On the following days the only effects noted were 
thirst and a slight feeling of fatigue. There was practically no after 
stiffness. Extra water was taken as is noted in table 5 on the fourth, 
fifth and sixth days. The exercise in this experiment was also done on 


a hot day and produced very free perspiration. In his diet biscuit was 
substituted by rusk. 
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Taste 6. Showing constituents of diet used in Exp. C. Quantities 
expressed as grms. except where noted. 


Food stuff per cent. per 
Meat 200 2˙5 5˙0 
Rusk 212 1°83 3˙8 
Milk 1000 c. o. 59 5°9 
Oatmeal 2°6 2˙1 
Rice 60 131 8 
— 90 26 2 

ugar 45 0 
Whisk 150 0 
Tea oids, 8 f trace 
Salt solution 20 0. o. 0 


Total nitrogen of diet 178 


This diet has an value of 26210 calories, equivalent to 400 


Experiment X. The subject was the same as in experiment C. 
On the fourth day sweating was produced by two Turkish baths, the 
duration of each being forty minutes. His weight was not noted 
immediately before and after the first bath, but was so before and after 
the second, and showed a loss of weight amounting to 700 grms. (14 Ib.) 
to have taken place during the forty minutes. The only after effects 
noted were slight lassitude after the baths and thirst during the 
following two days. No extra water was taken on the day of the baths 
or afterwards. There was no massage after the baths. The diet was 
supplemented by a little cheese, and some of the tea was replaced by 
coffee. A large quantity of infusion of coffee was made on the first day 
and the daily allowance measured from that. Est imations of uric acid 


and fixed alkalis were not made in this and subsequent experiment. 


Eaperiment Z. The subject was a very thin man, a worker in the 
Royal College of Physicians’ Laboratory, age 37. On the fourth day he 
was twice subjected to one hour's strong general massage by Dr H. A. 
Laing, two hours in all. There were no obvious after effects and none 
of the stiffness, which usually results from such massage. There was 
some error in the collection of the urine on the seventh day, so that 
day’s analyses are excluded from the tables. Diet was similar to that 
of experiment X, but smaller in amount and with the addition of a 
little Bovril” (a meat extract) solution. 
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Taste 8. Showing constituents of diet used in Exp. X. Quantities 
expressed as grms. except where noted. : 


Quantity Nitrogen 


Food stuff per diem per cent. per 
Meat 200 25 5 
Oatmeal ee 26 1 
Biscuit 1-85 6-2 
Rice 30 131 4 
Milk 1000 c. c. 59 5˙9 
Butter 90 268 2 
Cheese 18 4°25 7 
Coffee (infusion) 350 0. o. 05 2 
Tea tabloids, 4 ; trace 
Wea 50 0 

iskey 150 C. c. 0 
Salt solution 20 C. o. 0 


Total nitrogen of diet 19-6 


as grms. per diem except where noted. 


Quanti Nitrogen Ni 
Food stuff per per cent. 

Meat 150 2°5 37 

Oatmeal 40 2˙6 1 

Biscuit 168 1°85 3˙1 

Milk 250 C. 0. 12 

Rice 30 1-31 4 

Butter 60 26 1 

Cheese — 4°25 4 
Ooſfee (infusion) 350 0. o. 05 2 

Bovril (solution) 200 c.c. 28 6 

Tea tabloids, 3 trace 

8 45 0 

Whiskey - 120 c. o. 0 

Salt solution 30 0. 0. 0 


Total nitrogen of diet 107 


This diet has an energy value of 19840 calories, equivalent to 355 per 


_kilogramme of body weight. 
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IL A CONSIDERATION OF THE EFFECTS PRODUCED ON EACH OF 
THE EXCRETIONS EXAMINED. 


The quantity of urine passed. In the following table, No. 11, will be 
seen the result of our observations as to the influence of muscular 
exercise, sweating, and massage, on the amount of urine passed. When 
considering this table it must be remembered that 500 cc. extra water 
were taken in experiment B on the fourth day, that of exercise, and 
in experiment C on the fourth, fifth, and sixth days, and that with 
these exceptions the supply of water was constant throughout each 


experiment. 
Tann 11. Showing amount of urine passed in each experiment. 
Expressed 


as o c. 
Day Exercise Sweating Massage 
A B 0 x Z 
1 1500 
2 1280 1860 1770 1230 1300 
83 1240 1710 1690 1300 1150 
4 1160 830 1020 960 1165 
5 950 870 700 930 1420 
6 950 1440 1310 1050 1542 
7 1050 2390 2050 1695 


The effect of exercise was not similar in the three experiments A, 
B, and C. In B and C there was a great fall on the day of exercise, 
the fourth, and on the following day, a smaller deficit on the sixth day, 
while on the seventh day there was a marked increase in the amount of 
urine. In these two experiments profuse sweating was noted, and it is 
interesting to see that the effect produced on the amount of water 
passed in the urine was exactly similar to that produced by Turkish 
baths in experiment X, a deficit for three days followed by a reactionary 
increase. In B and C calculation shows that the reactionary increases 
on the seventh day were insufficient to balance the deficits on the 
three previous days. 

In experiment A there was no marked deficit on the experiment 
day, but there was a deficit on the following days. In this experiment 
the exercise was taken on a cold, wet day, and doubtless absence of 
profuse sweating explains the difference between it and B and C. 

In experiment X (sweating), the effect produced, as already pointed 
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out, was a deficit of water in the urine on the experiment day and the 
two following days, and a reactionary increase afterwards, this increase 
was also too small to balance the previous deficits. 

In experiment Z (massage) there was an increased flow of urine on 
the two days after the massage. An increased diuresis after massage 
has previously been pointed out by Hirschberg’ and Bendix’, and 
has been attributed to a large amount of lymph being pumped out of 
the tissues and brought into the general circulation. 

The total nitrogen passed in the wrine. As already pointed out in 
the introduction this excretion has received much attention from 
physiologists in connection with the influence of muscular work on the 
metabolism, and from the recent work of Argutinski’, Zuntz‘, 
Pflüger“, Bleibtreu“, Krummacher’, Paton’, North“ and others 
we know that it is increased by excessive muscular work, and that the 
increase is principally to be found on days subsequent to the exercise, 
and not so much on the exercise day, as was assumed by Fick and 
Wislesenus in their classic experiment. Our observations agree with 
this conclusion, for it will be seen in Table 12, that in each experiment 
on muscular work there was a marked increase in the amount of 
nitrogen excreted, and that increase was principally on the two days 
after that on which the exercise was taken. 


Tan 12. Showing total amount of nitrogen excreted in each experi- 
ment, Expressed as grms. 


Exercise Sweating Massage 
Day — 
A B C X 2 

1 13°56 

2 15°91 14-13 15°04 14-02 9°24 

3 21°31- 12°65 12°67 14°76 9°07 

4 2142 1380 1446 1322 899 

5 25°99. 16°79 16°03 14°69 9°37 

6 22°95 14:09 18°54 16°34 9-12 

7 22°05 11-92 15°49 15°55 


1 Bulletin gen. de Thérapeutique, 1887, p. 241. 


2 Zeitschrift J. klin. Med. 1894, p. 808. 


3 Arch. f. d. ges. Physiol. IVI. p. 552 seqq. 


Du Bois Reymond 's Archiv, 1894, p. 541. 
5 Arch. f. d. ges. Physiol, L. p. 98. 1891. 


Arch. f. d. ges. Physiol. XVI. p. 601. 1890. 
’ Zeitschrift f. Biologie, xxxm. p. 108. 1896. 


* Laboratory Reports of Royal College of Physicians, een 1891, p. 241. 
Proc. Royal Soc, xxxvi. p. 11. 18838. 
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By comparing this table with Table 11, on the diuresis, it will be 
seen that the excretions of nitrogen and of water do not vary propor- 
tionally, for not only is there no deficit of nitrogen on the exercise day 
as there is of water, but also there is no increase of nitrogen on the day 
when there is the reactionary increase of water. 

A factor which must influence the excretion of nitrogen in the urine 
is the amount of sweat, this could not be estimated, but as sweat has 
been shown to contain a considerable amount of nitrogen’, it is safe 
to assert that the total increase of the output of nitrogen was really 
greater than our results show. 

The exact amount of this excess of nitrogen cannot be absolutely 
definitely stated from these observations, both on account of no measure 
of nitrogen of the sweat being available, and also because the pre- 
liminary periods were somewhat short, But taking the average 
excretion on the third and seventh days as the normal, and comparing 
the excretions found on the fourth, fifth, and sixth days with that, it is 
found that the probable amount of the increase amounted to between 
5°3 and 7˙9 grins. in each experiment. This is shown in Table 13. 


Taste 13. Showing probable amount of excess of nitrogen in urine 
produced by muscular exercise. 


A B 0 

verage 
12-29 14-08 

4 21°42 - 0°26 13°80 +1°54 14°46 + 88 

5 2599 +481 1679 +458 1608 

6 2295 +197 1409 +188 1854 
Total excess of nitrogen 5°32 79 6-79 


Taking the amount of nitrogen in flesh (muscle) at 3 per cent., these 
excesses of nitrogen represent a consumption of 180 to 260 grms. 
(roughly half-a-pound) of flesh to have occurred as the result of 
excessive exercise in each of these experiments. 

Experiment X shows that the amount of nitrogen in urine was not 
influenced by sweating as it was in experiments A, B and C by exercise. 
The changes observable are, that on the day when the Turkish baths were 
taken, the fourth, there was a small deficit of nitrogen, while on the sixth 
day there was a small increase, this increase, however, was less than the 


1 Argutinski, Archiv f. d. ges. Physiol. xuvt. p. 594. 1890. 
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previous deficit so that the general result was a small deficit, amounting 
to less than a gramme, during the period of observation. This small 
deficit can readily be attributed to a loss of nitrogen in the sweat, 
it having been shown by Argutinski’, that the sweat collected during 
a day's walking exercise contained as much as 75 gramme of nitrogen. 

In the massage experiment Z, the excretion of nitrogen was so 
steady that it may be concluded, that, in this instance at least, massage 
did not influence the nitrogenous excretion, a conclusion differing from 
that of Bendix“, which was, that general massage increased the 
amount of nitrogen in urine as much as from 10 to 15 per cent. 

From our observation on massage it may be concluded, that the 
physical effects of contracting muscle on the lymph flow do not 
materially influence the amount of nitrogen excreted in the urine, and 
consequently the excess of nitrogen found there after exercise indicates 
not an increased excretion only, but also an increased production of 
nitrogenous waste products. 

The excretion of wrea. Our observations on the amount of urea 
excreted in these experiments are shown in the following Table (14). 
They show that this excretion was increased by exercise, slightly 
diminished by sweating, and unaffected by massage. A comparison of 
this table with Table 12 shows that the total amount of nitrogen in the 
urine and the amount of urea vary proportionally. 


Taste 14. Showing amount of urea excreted in each experiment. 
Expressed as grins. 


Exercise Sweating Massage 
Day — 
A B O X 2 

1 25°9 

2 30-0 27°7 28°6 26°7 15°9 
3 41°8 24°4 24:1 28-3 16°5 
4 426 269 280 247 16˙4 
5 49°4 31°8 175 
6 45:1 27°5 35°8 30°8 16°5 

7 44-6 22-9 29°7 29-2 


The excretion of uric acid. Table 15 shows our observations on the 
-excretion of uric acid, in each of the experiments on the effect of 
muscular exercise. - In it will be seen that in two experiments A and B 


1 Archiv f. d. ges. Physiol, IVI. p. 594. 1890. 
2 Zeitech. f. klin. Med. 1894, p. 808. 
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there was a marked increase of this excretion, while in the third 
experiment C there was no such increase. 


Tam 15. Showing amount of uric acid excreted in experiments A, 
Band O. Expressed as grms. 


Day A B 0 
1 25 

2 26 47 46 
3 43 43 45 
4 27 42 34 
5 4⁵ 51 42 
6 57 48 30 
7 54 64 34 


The essential difference between C and the other two experiments 
was, that it was made on a subject who was in good muscular training, 
the subjects of the others not being so, and it is to this that the 
difference between the influence of exercise in C and the other two 
experiments may be attributed. The amount of sweating cannot 
explain the difference of the effects on the excretion of uric acid, 
because in both B and C there was profuse sweating, while the uric 
acid excretion was increased in B but not in OC, and because in both A 
and B the uric acid excretion was increased, there being profuse 
sweating in one but not in the other. Other differences between C 
and the other two experimerts will be pointed out which can also 


be attributed to the difference of muscular training of the subjects. 


The influence of exercise on the excretion of uric acid has recently 
been studied by Laval’, and he concluded that it did not increase the 
excretion of uric acid; his observations were made on dragoons, who 
were presumably in good training, and consequently his results agree 
with ours. , 

The excretion of preformed ammonia. The interest in observing 
the effects produced on the excretion of ammonia in urine lies prin- 
cipally in the fact that there is in the katabolic changes of contracting 
muscle a formation of acids, sarcolactic acid being formed by the 
oxidation of non-nitrogenous elements and sulphuric acid by oxidation 
of proteid matter, and these may be expected to cause an increased 
ammonia excretion’. | 


Revue de Médecine, 1896, p. 884. 
? Dunlop, This Journal, xx. p. 82. 1896. 
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The results of our observation are shown in Table 16, and it can 
there be seen that there was an increase of this excretion in each 
of the experiments on the influence of muscular exercise. There was 
no marked effect in the experiments on sweating and massage. 


Taste 16. Showing amount of preformed ammonia excreted in these 
experiments. 


| A 3 O X 2 
1 84 
2 84 66 99 29 758 
83 lost 62 63 78 59 
4 102 81 8822 76 865 
5 145 107 * 80 65 
6 109 73 1˙18 84 61 
7 


108 59 1-01 ae: 


Me excretion of creatinin. The excretion of creatinin was studied 
in one experiment, A only, and it was found that there was a small 
increase on the day of exercise and on the following day, the amounts 
of the daily excretion being, 2nd day, ‘26 grm., 3rd day (lost), 4th 
(exercise day) 29, 5th 28, 6th 22, and 7th day 20 grms. Our result 
agrees with that of Oddi and Tarutti’. It was found impracticable 
to continue the analyses in the other experiments. 

Me eaxoretion of nitrogenous extractives. By the term nitrogenous 
extractives is meant, all the nitrogenous bodies in the urine which 
are precipitated by a reagent containing hydrochloric and phospho- 
wolframic acids, the reagent used in Bohland’s method of urea esti- 
mation; these bodies contain all the nitrogen in urine with the 
exception of that of urea and of ammonia. The results of our obser- 
vations are shown in Table 17, and are expressed as grms. of nitrogen. 
The amount of extractive nitrogen varied in exactly the same way 
as the uric acid did, it was increased by exercise in experiments A 
and B where the subjects were in poor training, not increased in C 
where the subject was in good training, and little, if any, affected by 
or massage. 


Bol, dell? Accad. Med. di Roma, p. 2. en 
1894, p. 542. 
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Taste 17. Showing amount of nitrogen excreted as “extractives.” 


Expressed as grms. 
Exercise 
— 
— A B © 
I 96 
2 1°42 56 88 
3 96 68 90 
4 97 73 71 
5 205 1-05 58 
6 1-29 68 90 
7 63 74 84 


Sweating Massage 
X 2 
92 103 
98 68 

108 81 
102 67 
127 89 
1-05 


The excretion of sulphates. In experiments A, B and C, the amount 
of sulphuric acid in the urine was studied both as to its total and 
as to its distribution between the two forms, ordinary and conjugated 
or etherial, sulphates. It was found that the amount of conjugated 
sulphate remained constant throughout the experiments, not being 
influenced by muscular exercise, while the amount of ordinary sulphate 
showed considerable changes (vide Tables 1, 3, and 5). It being evident 
that changes of the total sulphate were due to changes of the amount 
of ordinary sulphates, it was considered unnecessary to do more than 


estimate the total sulphate in the later experiments. 


The influence of exercise, sweating, and massage on the amount 
of sulphuric acid in the urine is shown in the following table. 


ments. Expressed as grms. S0, 


Day Exercise 
4 B 0 

1 2-08 

2 2°75 2°19 2°38 
3 2°65 2°02 2-21 
4 324 267 347 
5 3°13 2°36 2-37 
6 2°37 197 2°35 
7 2-76 1°84 2°24 


Sweating Massage 
x Z 

2°34 126 
2˙89 131 
2°47 118 
2°37 1°30 
2°42 113 
2°49 


It will be seen in this table that in each experiment on the in- 
fluence of muscular exercise, there was a distinct increase of the 
amount of sulphuric acid excreted in the urine after the exercise. 
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This excretion has been investigated in similar experiments by Munk’, 
and North“, and was found to be influenced by exercise in the same 
manner as the nitrogen excretion. Our figures corroborated theirs, for 
by comparing this table with Table 13, it will be seen that the two 
excretions, nitrogen and sulphur, were both increased in all three 
exercise experiments, and calculation shows that the amount of the 
- excesses was nearly in the same proportion as that in which nitrogen 
and sulphur occur in proteid. 

The excretion of sulphuric acid in X and Z being practically steady 
throughout the observation, it may be concluded that sweating and 
massage do not influence this excretion, this conclusion verifying 
our previous conclusion regarding their influence on the proteid 
metabolism. 

The excretion of chlorides. The results of our observations are 
shown in the following table. 


Taste 19. Showing the amount of chloride in these experiments. 
Expressed as grins. Cl. 


1 8 X Z 


18˙2 7˙47 6°44 5°22 9-70 
156 8°76 6°54 6°86 9°96 
173 568 629 495 671 
118 4°33 4°39 508 lost 
12˙1 9-25 7°47 lost 8°47 
182 9°14 8°21 5°15 


om 


In the experiment on the influence of sweating, X, it will be seen 
that there was an apparent diminution on the fourth day, the day 
when the Turkish baths were taken, and on the following day. A 
similar diminution is also to be seen in experiments B and C where 
there was profuse sweating, and in these three experiments the 
diminution may safely be attributed to loss of chloride of sodium in 
the sweat. The variations which occurred in experiments A and Z 
are difficult to explain. 

The excretion of phosphates. The following table shows the result 
of our observations on the amount of phosphoric acid in the urine 
during these five experiments. 


1 Du Bois Reymond’s Archiv, 1895, p. 378. 2 Proc. Royal Soc. XVI. p. 11, 1888. 
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Taste 20. Showing the amount of phosphoric acid excreted in the 
urine during these experiments. Expressed as grms. PO,. 


Day Exercise Sweating Massage 
A B 0 x 2 

1 2˙64 

2 279 252 3-38 2°70 1°56 

3 291 287 314 2-99 1-38 

4 273 238 316 2°59 1°85 
5 366 360 278 258 1:96 

6 306 331 2-99 2:90 201 

7 241 261 264 2-41 1°67 


The influence of severe exercise is shown by these experiments 
not to be constant, for in A and B there was a marked increase of 
the excretion of phosphate, while there was no such increase in C. 
It has already been pointed out that the subject of C was in good 
muscular training, while those of A and B were not so, and that 
in A and B there were marked increases in the amounts of uric 
acid and other nitrogenous extractives (vide Tables 15 and 17), while 
in C there were no such increases. These facts point at some kata- 
bolic change taking place when a subject in poor training does excessive 
muscular work, and which does not take place when the subject is 
in good training. North examined the excretion of phosphates in his 
experiments! and concluded that it was increased by excessive exer- 
cise ; our conclusion differs from his, as it requires poor training in 
addition to excessive exercise to produce an increase. 

The massage experiment, Z, showed a small increase of the phos- 
phate in urine, this can readily be attributed to increased excretion 
dependent on the increased lymph flow, bringing phosphate away 
from the tissues, just as the increased diuresis can be attributed to 
that. This being so, it is possible that the physical effect of con- 
tracting muscle on the lymph flow in those in poor training may help 
to produce the increased excretion of phosphate, but as the increases 
in the exercise experiments were much larger than that in the 
massage experiment, it can be concluded that this physical influence 
did not produce the entire increase of phosphate. 

In the sweating experiment, X, there was a small diminution of 
phosphate in the urine, pointing to a ) possibility of there being a 
loss of phosphate in sweat, 


1 Proc, Royal Soc, xxxvi. p. 11. 1883. 
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The excretion of alkalis. The excretion of the three alkalis, am- 
monia, potassium, and sodium, were examined in each experiment 
on the influence of exercise. The excretion of ammonia has already 
been referred to, and shown to be increased in each case. Our observa- 
tions on potassium and sodium are shown in the following table. 


Taste 21. Showing the amount of potassium and sodium excreted in 
these experiments. Expressed as grms. K and Na. 


Potassium Sodium 
A B O 4 B 0 

1 

2 2°04 176 1°91 5-05 3°35 3°33 
3 2°36 2°03 181 4°15 3°69 2°95 
4 299 148 327 389 227 344 
5 3 3-68 1°25 112 3°59 170 101 
6 2-07 171 106 3°21 3°54 102 
7 3°65 1-69 140 4°75 3°85 3°63 


It will be seen in this table that in experiments B and C the 
amount of sodium in the urine was diminished after exercise, in them 
the excretion of hydrochloric acid was found to be diminished, and 
that was attributed to loss in sweat, and as it is as chloride of sodium 
that hydrochloric acid occurs in sweat, this explanation equally applies 
to the diminution of sodium in the urine. 

In experiment A there was also a diminished output of sodium, 
but this deficit was less than it was in B and C, as might be expected 
from the fact that there was much less sweating in A than in B and C. 
Unfortunately the results of our observations on the excretion of 
chlorides in A are too uncertain for comparison. 

The excretion of potassium is increased in two experiments, A and 
C, but is not increased in B, the explanation of this is not obvious. 

Munk’ studied the excretion of the inorganic constituents of urine 
in experiments on the influence of muscular exercise; he concluded 
that the excretions of phosphorus, sulphur, and potassium were all 
affected in a manner similar to nitrogen, all being increased when. the 
nitrogen was increased. Our observations agree with his in so far 
that we found the sulphur and nitrogen excreted to be proportionally 
influenced, but differ from his in that we found the potassium not to 
be influenced in all these experiments in the same manner as the 
nitrogen and sulphur, and the phosphate we found to vary pro- 


1 Du Bois Reymond’s Archiv, 1895, p. 885. 
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portionally to the uric acid and extractive nitrogen and not to the 
total nitrogen and sulphur. 


CONCLUSIONS. 


Our observations show the following changes to occur in the 
composition of urine after excessive exercise when the subject is on 
a fixed and constant diet. 

1. Changes independent of sweating or condition of training. 

(a) An increase of the total nitrogen. | 

(6) An increase of urea, this st end for most of the increase 
of total nitrogen. 

(c) An increase of preformed ammonia. 

(d) An increase of creatinin. 

(e) An increase of sulphate, this being proportionate to the 
increase of nitrogen. 

2. Changes dependent on concomitant sweating. 

(a) A diminished amount of water. 
(6) A diminution of chloride. 
(c) A diminution of sodium. 

3. Changes observable when the subject is in poor condition but not 

when he is in good training. 
(a) An increase of uric acid. 
(6) An increase of nitrogenous extractives. 
(c) An increase of phosphoric acid. 

These changes in the composition of the urine indioate the 
following metabolic changes: 

(1) That excessive muscular work causes an increased katabolism 
of proteid, this being shown by the increased excretions of nitrogen 
and of sulphur in the urine. 

(2) That the proteid consumed is muscle proteid, shown by the 
increased nitrogen and sulphur excretions not being accompanied by 
increased excretions of uric acid, extractive nitrogen and phosphorus, 
muscle being a tissue poor in nucleo proteids which produce these 
waste products. 

(8) That, if the subject who performs excessive muscular work 
be in poor training, this consumption of muscle proteid is accompanied 
by the consumption of the proteid of other tissues which contain 
nucleo proteids, as shown by the increased excretions of uric acid, 
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extractive nitrogen and phosphorus. There may here be a withdrawal 
of proteids from other structures to effect repair in muscles, similar 
to the transference of material seen in starvation, the proteid portion 
being retained, while the nucleic acid portion is excreted. 

Our observations on the effect of sweating do not indicate any 
marked influence on the metabolism. The changes in the urine 
following profuse sweating are a diminution of water, a diminution 
of hydrochloric acid and of sodium, and a slight diminution of nitrogen, 
these changes being easily explained by the loss of those substances 
in the sweat, do not in any way indicate a diminished production or 
secretion. The concomitant occurrence of sweating along with 
excessive muscular exercise can only affect the observation of changes 
produced, by masking changes in the amount of water, hydrochloric 
acid and sodium excreted in the urine, and slightly diminishing the 
increased excretion of nitrogen. 

Our observation on the influence of massage on metabolism also 
gives negative results. The changes observed, an increased excretion 
of water and a slightly increased excretion of phosphorus, being 
readily attributed to the physical influence of the increased lymph 
flow drawing these from the tissues, and not indicating any increased 
katabolism. The changes produced by massage being so small it is 
fair to conclude that the changes observed to result from excessive 
muscular exercise are not due to the physical effects of an increased 
lymph flow. 

Our conclusions show the importance of two points long known to 
athletes and others doing excessive muscular work. The one is the 
importance of proper training, for by it an abstraction of proteid 
matter from tissues other than muscle can be avoided, the other is 
the importance of there being a sufficiency of proteid in the diet to 
compensate for the loss which occurs. An abundance of proteid in 
the diet of an athlete has other functions to fulfil besides this, it is 
required during training for building up the energy liberating 
mechanism—the protoplasm of muscle’, and it is also required after 
work to repair that mechanism. The benefits of training are well 
known in other ways, such as preparing the heart for suddenly 
increased duty and limiting the after fatigue effects; but the effect of 
training touched upon in this paper, in modifying the influence of 
excessive muscular work on the metabolism, and N in a tangible 
way its benefit, is of considerable importance. 


Edinburgh Medical Journal, June 1895. 
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A NEW METHOD OF DISTINGUISHING BETWEEN 
ORGANIC AND INORGANIC COMPOUNDS OF 
IRON. By A. B. MACALLUM, M. B., PR. D. Associate Pro- 


fessor of Physiology, University of Toronto. 


FIRM organic compounds of iron are, as shown by recent investigations, 
much more abundantly present in animal and vegetable organisms than 
was formerly supposed to be the case, and some of these, the chro- 
matins, are of the highest importance in the life of the cells. Bunge’, 
whose investigations first stimulated interest in them, called them 
organic, but, beyond describing the reactions they give with ammonium 
sulphide and with acid ferrocyanide solutions, he furnished no method 
whereby these can, in the last resort, be definitely distinguished from 
inorganic and albuminate compounds. I have indeed found that in 
the great majority of these compounds the warm sulphide reagent 
only after a long application sets free their iron as ferrous sulphide, 
but there are organic compounds in which this result is obtained more 
readily. Bunge, however, used the diluted reagent on one of the 
latter class, namely, the hematogen of egg-yolk, and determined that 
it gave no reaction for iron until after half-an-hour, while a day was 
required for its full development, but when the quantity of the reagent 
used was great, the reaction appeared more quickly. If the acid 
ferrocyanide solution was allowed to act on the compound, the readiness 
with which the Prussian blue reaction appeared depended on the 
quantity of hydrochloric acid added. In this manner Bunge would 
distinguish between such organic compounds on the one hand and 
those of the inorganic and albuminate class on the other. He further 
claims that hydrochloric acid alcohol“ extracts the iron of inorganic 
and albuminate compounds, while it leaves unaffected the iron of 


organic preparations. 

1 Macallum. Quart. Jour. Mic. Sci. xxxvmi. p. 175. 1896. 

2 Zeit. f. physiol. Chemie, rx. p. 49. 1895. 

® This 20 velames of acid of 96 per cent. sireigth and 90 
volumes of 96 per cent. alcohol. 
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I have already shown (op. cit.) that hydrochloric acid alcohol affords 
no means of distinguishing between the two classes of iron compounds, 
and have pointed out that when a dilute solution of ammonium 
hydrogen sulphide is added to a quantity of fresh egg-yolk the greenish 
reaction of ferrous sulphide is at once developed. Further, if one 
takes a dilute solution of the organic compound of egg-yolk dissolved 
in ammonia and adds to it a quantity of ammonium sulphide, the green 
reaction obtains almost immediately. The acid ferrocyanide reagent 
does not bring out the Prussian blue reaction in ammoniacal solutions 
of this compound because the reagent precipitates the latter, and as, 
therefore, the iron in it is rendered much less liable to be attacked, 
it is obvious that the tardiness with which the reagent acts in this 
case cannot be considered as an indication that the compound is an 
organic one. 

The method of distinguishing between the two classes of compounds 
offered by Bunge is therefore not as decisive by any means as one 
would wish it to be. His view, that only organic compounds of iron 
when absorbed go to form hemoglobin, has directed the attention 
of physiological chemists to the possibility of preparing artificially 
organic compounds of iron in the laboratory, and it is of great im- 
portance consequently to have a decisive test for them. Already a 
number of iron compounds, for which an organic character is claimed, 
have been put on the market. If one relies on the method referred 
to, it would in some cases at least be difficult to disprove their organic 
nature, while it is equally difficult to believe that they are other 
than inorganic. 

One of the best known of these compounds is ferratin, first prepared 
by Marfori* from egg-albumin and tartrate of iron, and which he and 
Schmiedeberg“ believed to be similar to the iron compound, also 
called ferratin, which they have succeeded in extracting from the liver. 
The artificially prepared compound does not, it is claimed, readily 
react with ammonium sulphide, and it also gives the Prussian blue 
reaction only after a time when treated with acid ferrocyanide solutions 
which precipitate it. I have repeatedly examined quantities of this 
compound prepared by myself according to Marfori’s method, or ob- 
tained from different manufacturers through the trade, and the result 
was always the same, In all cases an alkaline solution of the compound 


1 Arch. f. exp. Path. u. Pharm. XXII. p. 212. 1891; Arch. ital. de Biologie, XXI. 
p. 62. 1894. 


* Arch. f. exp. Path. u. Pharm. xxxmt. p. 102. 1894. 


— 
* 
» 
Pex 
. 
* 
— 
* 
* 


94 A. B. MACALLUM. 


gave at once on the addition of strong ammonium sulphide the 
characteristic dark green reaction of ferrous sulphide, and when the 
reagent was added to the dry powder, the reaction developed in a 
few seconds. 

It is indeed a fact that if the reagent is very dilute the reaction 
which may be obtained on adding it to the ferratin powder, or to an 
ammoniacal solution of it, does not develop as readily as when the 
reagent is added in a concentrated form, but neither in this, nor in 
the fact also that acid solutions of potassic ferrocyanide first precipitate 
the dissolved ferratin and afterwards give the precipitate the Prussian 
blue colour, can one find decisive indications that the iron compound 
is an organic one. It is true that in respect to these reactions there 
is between ferratin and hematogen of egg-yolk some resemblance, but 
it is one which is partly caused by physical conditions. Just as in 
the case of hematogen, the precipitate caused by the acid ferrocyanide 
solution in the solution of ferratin renders the iron in it less liable 
to be attacked by the reagent; on the other hand, the interval between 
the moment when dilute ammonium sulphide is added to a solution 
of ferratin and that when the reaction appears is so short that I 
cannot attribute any importance to it. It may be that ferratin is an 
organic iron compound, but the facts mentioned do not in any case 
decide this. 

It is not alone of ferratin that one may make this statement. 
Carniferrin is a manufactured preparation which is claimed to be an 
organic iron compound, on evidence which is but slightly, if at all, 
stronger than illustrated in the case of ferratin. 

There are also iron compounds in animal cells whose organic nature 
is uncertain. These, which may be found in the fotal liver and spleen, 
in the placental villi of the rabbit, cat and man, as well as in the 
spleen, liver and kidney of the adult vertebrate, give not immediately 
a dark green reaction with ammonium sulphide, but if the latter is 
dilute, the appearance of the reaction is longer delayed. In the case 
of the placental villi of the human subject at the sixth week the 
reaction is slowly developed, but if the preparation containing the 
reagent and the villi is slightly heated, the reaction develops at once. 
Sections from the placenta of the cat treated in the same way require 
time for the development of the reaction, but this is shortened to 
several seconds on the application of heat to the preparations. Similarly 
with sections of the liver, spleen and kidney of Necturus lateralis and 
the frog. In the sections of the spleen of Nectwrus, especially of those 
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kept without food for a long time, the sulphide reagent will bring out 
a feeble reaction limited to a few of the cellular elements, but when 
the section is heated in a drop of the reagent, it acquires as a whole 
in a few seconds a dark green reaction more or less diffused in the 
walls of the blood vessels and fibrillar elements, but pronounced and 
localized in the lymphoid cells. 

In the case of the placental iron compound, it might be supposed 
that as the organic compound of iron analogous to that of egg-yolk 
must be supplied to the mammalian embryo through the placenta, 
the compound shown to be present must belong to this class. On 
the other hand, it may quite as readily be held to be an inorganic 
iron compound in the process of excretion, although its occurrence 
in the chorionic villi on the seventeenth day would seem to oppose 
such an explanation. It may also be held, and not unreasonably, 
that the substance of the tissues holding the iron prevents a ready 
access of the sulphide to the iron compound, and thus delays the 
appearance of the reaction, although the compound may be an inor- 
ganic one. | 

It is thus seen that there are compounds of iron which, from 
their hitherto known reactions, it is difficult to classify as organic 
or inorganic; I have therefore thought it important to determine 
whether there is any other reagent which can be pressed into the 
service of distinguishing more markedly between the two classes of 
compounds. 

After a great number of trials I succeeded in determining that 
hematoxylin is an extremely sensitive reagent for deciding whether 
a given compound of iron is organic or inorganic. For this purpose 
it must be absolutely pure and put up in a 0°5 per cent. solution with 
absolutely pure distilled water. In this case the solution as is well 
known is brownish yellow, but when alkalies or alkaline earths are 
added, the colour becomes violet or red. When mixed with solutions 
of a salt of iron, it becomes blue-black or bluish-black. The slightest 
trace of a salt of iron present will serve to convert the yellow into 
blue-black or bluish-black. On the other hand, if the iron compound 
is organic, the hematoxylin is unaffected. This is illustrated when 
solutions of hemaglobin and hematin are mixed with solutions of 
hematoxylin, and also when the reagent is added to solutions of 
ferrocyanides and ferricyanides. In the latter instance, the hema- 
toxylin may acquire a reddish tinge due to the presence of free 
alkali. 
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The method of employing the reagent must vary. When the 
compound of iron may be obtained in simple aqueous solution, it 
merely suffices to add the solution of hematoxylin directly. When 
it is to be obtained in solution only with the aid of alkalies, the 
hematoxylin solution may be added to the dry powder. This can 
be done in the case of ferratin and carniferrin, which are ochre- 
coloured, and the granules of the powders absorb the hematoxylin and 
become blue-black as may be demonstrated on examination with the 
microscope. Another method, which was found serviceable in the case 
of ferratin and carniferrin, consists in steeping iron-free filter paper 
in ammoniacal solutions of the substance to be tested, and, after the 
paper has thoroughly dried, moistening it with the hematoxylin solu- 
tion. The production of a blue-black tinge is evidence that the iron 
compound examined is inorganic, In the application of the test to 
the iron compound of egg-yolk, which, according to Bunge, is 
organic, certain additional methods must be employed. If the solution 
of hematoxylin is applied directly to the yolk spherules, the iron- 
holding elements of these, and especially of that variety known as 
“white,” appear faint rose red or violet’. This reaction is largely due 
to the presence of volatile compounds, for when the yolk is dried at 
the temperature of the room, the hematoxylin absorbed by the 
spherules is almost unaffected in colour, This is the case also when 
yolk spherules are coagulated with heat. 

When the compounds of iron to be investigated are found in tissues, 
the latter are to be well hardened in alcohol, and their sections, or 
teased-out preparations of them, are covered for a few minutes with 
the hematoxylin solution. Wherever inorganic salts of iron occur, 
there the reaction is blue-black or bluish-violet, while in the remainder 
of the preparation the colour is yellowish brown, which may sometimes 
be so intense as to obscure in some parts, for example, nuclei, the 
occurrence of traces of inorganic iron. This difficulty is removed by 
steeping the preparation in a mixture of equal volumes of ether and 
absolute alcohol for at most an hour, the time varying with the size 
of the preparation. The mixture extracts the unaffected hematoxylin, 
but the blue-black compound strongly resists extraction, so much so 
that in some cases it may be found in the preparation after lying 
twenty-four hours in the mixture. 

The section or teased-out tissue after treatment may be cleared 


1 A lime salt is present in the iron-holding constituent of the spherules, and this will 
partly account for the colour reaction given with hematoxylin solutions. 
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in oil of cloves and mounted in balsam. The preparations so made 
are permanent, and as infinitesimal traces of inorganic iron compounds 
are thus revealed, the method is much more advantageous than that 
of Prussian blue, which is apt to fade out when exposed to light, and 
demonstrates much less readily very minute traces of inorganic iron 
compounds. 

The explanation for the differences in the action of inorganic and 
organic iron compounds on hematoxylin may possibly be found in the 
different relations of the units of affinity of the iron atoms in the two 
classes of compounds. A ferric salt converted into ferric ferrocyanide 
or a ferrous salt converted into ferrous ferricyanide becomes incapable 
of affecting the hematoxylin. The ferrous or the ferric elements are 
probably attached to the carbon atoms thus’: 


OC Ze 
or thus: oe Fe- Fe 


If a direct attachment to the carbon atoms of all its bonds of union 
robs the iron atom of its power to affect hematoxylin, it is not 
unreasonable to suppose that in such compounds as hemoglobin, 
hematin and chromatin, the iron atoms are similarly united. 

The action of inorganic compounds of iron on hematoxylin would 
appear to be that of oxidation’. 


Results of the Application of the Method. 


The application of this test has shown that there are inorganic 
iron compounds in the chorionic and placental villi of the human 
subject, in the fostal liver and spleen and in the placenta of the cat, 
rabbit and guinea-pig. These compounds do not react immediately 
with ammonium sulphide, probably owing to the slow penetration 
of the reagent. 

The existence of inorganic iron compounds in the human chorionic 
villi of the seventeenth day would seem to indicate that there is a 
transference of inorganic iron from the maternal to the foetal tissues. 

Ferratin artificially prepared always affects hematoxylin, and it 
must therefore be an inorganic compound of iron. On the other hand 
the ferratin which is derived from the ox liver does not bring about 


1 Roscoe and Schorlemmer. Treatise on Chemistry, u. Part 2, p. 112. 
Mayer. Mitth, aus der Zool. Stat. zu Neapel, x. p. 170. 
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a change in the colour of hematoxylin, and it must therefore be con- 
sidered as an organic compound. 
Carniferrin is also, as shown by this test, an inorganic compound. 
The peptonates and albuminates of iron belong to the inorganic 
class. 


Special Application of the Test. 


As already indicated, organic iron compounds leave hematoxylin 
unaffected. It is, however, often important to know whether there is 
much or little organic iron in tissues, and for this purpose hema- 
toxylin is very useful. It is necessary to convert the organic iron 
into an inorganic form, which may be done, as I have pointed out 
(op. cit.), by allowing acid alcohols, and especially sulphuric acid 
alcohol! to act on a piece of tissue for from one to twenty-four hours 
at 35° C., the length of time varying with the size of the preparation 
and the amount of the acid alcohol used. If after such treatment the 
preparation be freed from acid by washing it in alcohol, it may be 
covered for a few minutes with a solution of hematoxylin of not less 
than 0°5 per cent, strength. Wherever iron exists in such a prepa- 
ration the hematoxylin becomes blue-black or blue. Very often 
sections of tissue thus treated appear as if stained with Ehrlich's hema- 
toxylin. As the acid alcohol leaves the iron where it is set free, as 
an inorganic compound, the preparation demonstrates very sharply the 
original distribution of the organic iron, especially when it is con- 
trasted with a preparation which has not been treated with acid alcohol, 
but yet has been stained with hematoxylin. 

Extraordinarily minute traces of organic iron, with the exception of 
that in hemoglobin and hematin, are thus demonstrated which could 
not be revealed by the Prussian blue method or by ammonium sulphide. 
There is a further advantage in the method. Prussian blue prepa- 
rations made to show the presence of iron in tissues are apt to fade 
out unless kept away from the light. In the case of hematoxylin 
preparations, no deterioration is to be anticipated under any condition 


when they are properly made. 


1 It must be noted that the iron of hemoglobin and hmmatin is not readily converted 
thus into an inorganic form. 
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A CONTRIBUTION TO THE STUDY OF GEOTAKXIS 
IN THE HIGHER ANIMALS. By C. B. DAVENPORT, 
Instructor in Zoology in Harvard University, anv HELEN 
PERKINS, Student in Radcliffe College. 


(Contributions from the Zoological Laboratory of the Museum of 
Comparative Zoology, E. L. Marx, Director, No. LXXX VI.) 


GENERAL STATEMENT OF PROBLEM. 


Ir is almost an axiom in modern zoology, that whenever an organism, 
or any mass of protoplasm whatsoever, migrates in a definite direction, 
it does so because it is guided from without by the direction of impact 
of an irritant; and very many observations and experiments have 
shown that the direction of rays of light, of radiant heat, of electric 
currents, and of other agents actually does determine that of 
locomotion, not only of Protista but also of the Metazoa. Among 
these agents one of the most striking in its effects is gravity—striking 
because acting constantly and with nearly uniform intensity, at least 
upon organisms which live in a medium of constant density. The 
directive effect of gravity is known as a geotactic one; as a result of 
it the organism moves either towards or from the earth’s centre. 

A considerable number of qualitative observations have been made, 
chiefly by Loeb’, on geotaxis in the higher invertebrates, such as the 
fly, cockroach, Coccinella, the holothurian Cucumaria, and the starfish 
Asterina, When many geotactic individuals are confined in a box 
they tend to aggregate in the upper or the lower part of the box. The 
aggregation is effected by locomotion, and the locomotion is always 
preceded by an orientation of the axis of the body in a vertical position 
with the head end up or down, as the case may be. The orientation 
of the body being determined, the aggregation at the top or bottom 


1 Der Heliotropismus der Thiere und seine Uebereinstimmung mit dem Heliotropismus 
der Pflanzen. Wirzburg, G. Hertz, 1890; and Ueber Geotropismus bei Thieren.“ Arch. 
f. d. ges. Physiol. xuxx. 175—189. 1891. 
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of the box is merely the result of locomotion. Axis orientation, then, 
is the first and most fundamental fact in geotaxis. 

Concerning the way in which gravity acts to produce this axis- 
orientation we can draw certain inferences. It is clear from the 
nature of the phenomena that gravity does not act in a direct, 
mechanical way as it does to determine the position of a loaded die. 


Gravity acts rather as an irritant to which the organism makes a 


response, belonging to the category of adaptive responses. The 
irritant is doubtless an unequal pressure upon the sides towards and 
from the earth’s centre, for this pressure may be replaced by a 
centrifugal pressure, when the same “geotactic” orientation will 
occur, It is a one-sided pressure, then, acting upon the organism 
and its parts which is the stimulus to the axis orientation. 

The questions now arise: (1) What relation exists between a 
variation in the pressure of gravity and the precision of orientation ? 
(2) What is the limiting (least) pressure which will call forth the 
geotactic response ? and (3) What determines the position of the head 
end? To get answers to these three questions we undertook the work 
described in this paper, 


I. What is the relation between a variation in the pressure 
of gravity and the precision of orientation ? 


Method. There are several methods which may be used to vary a 
pressure acting unequally upon the two sides of an organism. If the 
organism is aquatic, gravity may be replaced by centrifugal force, 
which is variable at will; or gravity may be counteracted by buoyancy 
when the fluid is rendered denser by substances in solution. If, on 
the other hand, the organism is a land animal capable of crawling 
upon a smooth surface, such as a pane of glass, the active component 
of gravity may be varied by altering the angle of inclination of the 
surface to the horizon. In this case, the active component varies with 
the sine of the angle of inclination of the plate. We used the method 
last mentioned because it was best adapted to the animal employed. 

The organism upon which all our experiments were made was the 
slug, Limax maximus, which, during the period of our experimentation, 
January to June, 1896, was obtained from the greenhouses in and 
about Cambridge, Mass. The slugs were kept in a large tin box and 
fed with frequently renewed cabbage leaves. With the best of care 
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the stock gradually deteriorated and had to be constantly renewed by 
freshly captured individuals. 

To eliminate the action of directive agents other than gravity, the 
experiments were performed in a dark, wooden box, of cubical form, 
about 35 cm. in diameter. The open side was directed upwards, and 
during the experiment was covered by a dense, opaque, black cloth, 
except at the moments of making the observations. Such precautions 
to exclude light were essential since Limax is markedly phototactic. 
To eliminate chemical attraction the plate on which the slug crawled 
was frequently cleansed of the slime left in its previous migrations. 
The box was placed near the centre of the room so that unequal 
heating of its sides was out of the question. In a word, every 
directing agent except gravity which we could conceive of as acting 
uniformly in the same way to produce the verticality of the body was 
eliminated. 

The glass plate, about 30 cm. square, which carried the slug was 
placed in the dark box so that one edge fitted into one of the lower 
angles of the box while the opposite edge was elevated to a varying 
degree, giving to the plate an inclination ranging from 0° to 90°. For 
convenience, the angles were measured off, once for all, upon one side 
of the box and holes were bored, into which were inserted plugs to 
support the plate at the required angles. In beginning any experiment 
the plate was first removed from the box, the slug put upon it in the 
desired position, and then the plate with the slug upon it was returned 
to the box and secured at the desired angle. The slug was so placed 
that its axis lay, as nearly as possible, in a horizontal line, or parallel to 
the angle of the box in which the lower edge of the plate rested. The 
box was quickly covered over, and the time noted. At the expiration 
of 45 seconds the angular deviation of the axis of the body (or its 
anterior half, if the body were curved) from the horizontal line was 
read off by means of a protractor, which was graduated from 0° to 
360°, the 0 point being always held exactly down in reading. In the 
different sets of experiments the temperature varied somewhat, but 
stood fairly close to 20°C. 

Operations and results. As a preliminary experiment, we sought 
to determine whether the quickness of response of the slug was 
modified by the strength of the action of gravity. It was important 
to know whether, on the whole, the organisms responded with equal 
completeness in 45 seconds at all angles of inclination of the plate, for 
if the slug responded more slowly at one inclination than at another, 
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the smaller deviation from horizontality in any case might be due to 
the fact that the animal did not have time, in the 45 seconds, to 
orient itself fully. To test this matter a set of 25 observations was 
made upon one and the same slug. The glass plate was set 
successively at five different angles, and five tests were made at each 
angle. The slug was in each case first placed in a horizontal position 
in the dark box and two time intervals were determined; namely, 
(1) the interval elapsing before the first response to gravity occurred, 
and (2) the interval required for the animal to place its entire axis 
in a vertical position. The results gained are given in Table I. The 
times given are the means of the five trials. 


Taare I. 
made Interval before Interval before 
rval elapsing elapsing 
9 ” [33] ” 
45° 1 30 „ 
30° 6 „ 34 „ 
224° 30 „ 
15 


The numbers throughout the second column and those throughout 
the third are quite closely similar excepting, in each column, the first 
entry. The large average interval at 60° is due to one highly 
abnormal interval of 30 seconds and 90 seconds, respectively. Throw- 
ing out this irregular case we have at 60° the first response occurring 
in 5 seconds and the complete orientation in 33 seconds. 

As a check upon the preceding a second series of tests was made 
upon another slug. The following table gives the average of 5 tests 
made at each of the four angles named. 


TABLE IL 
made Interval elapsing before Interval elapsing before 
2 response. orientation. 
90° 12 secs. 80 secs. 
60° 10 ,, 56 „ 
30° 12 ,, 39 „ 
15° 4. 52 „ 


The fact that the numbers in Table I* are larger than those in 
Table I indicates that the slug used in the second set of experiments 
was less responsive than that used in the first. The two tables seem 
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to indicate that except at the steeper angles 60° and 90°, there is no 
appreciable difference in the time required for orientation at the 
different angles of inclination of the plate, and we therefore conclude 
that with angles smaller than 60° we may neglect the effect of 
inclination of the plate upon the interval of first response or of 
complete orientation. 

At 60° and especially 90° the steepness of the surface seems to 
increase somewhat the time required for complete orientation; or, 
expressed in other terms, the animal does not turn through so many 
degrees in a period of 45 seconds as it would have done in a longer 
period of, say, 75 seconds. 

This point being determined, we next attacked the main problem. 
Experiments were made with the plate inclined at eight different 
angles; viz., 90°, 60°, 45°, 30°, 224°, 15°, 74°, and 0°. In the following 
table each entry is the average of six different experiments made on 


Tasie II. 


The results of 480 determinations of the angular deviation from verticality of slugs 
crawling on a glass plate placed at various angles of inclination to the horizon. 


90° 60° 45° 30° 
Means Extr’ms + Means Extr'ms + Means Extr’ms + — Means Extr’'ms + 
300 2 4 337 O—90 1 4150 0—70 1 5 326 0—70 5 1 
217 10-45 4 2 367 0—60 3 3 208 10—35 3 3 113 0—34 6 0 
50 0—10 0 6 2536 0—70 5 1/188 0—0 8 3 367 0—90 5 0 
183 0—60 0 6 242 0—70 1 5 886 0—75 3 3 417 OBO 5 1 
3868 20—67 4 2 056 0—5 3 3 285 0—79 4 2 0—45 4 2 
108 0—23 1 5 300 0—70 6 0 133 0—33 4 2/272 0—57 6 0 
147 0—383 2 4 243 0—56 5 1/1225 0—68 5 1 387 12—62 5 1 
102 0—22 5 1 75 0—25 6 0 163 0—22 4 2 288 11—53 4 2 
205 0—70 8 3 237 10—60 5 1/268 15—42 2 4 218 0—6 6 0 
160 42 88 4 2 0—45 4 2/293 22—45 0 6 
179 8—45 2535/2177 1—63 229 292 65—58461°3 
223° 15° 74+ 0° 
Means Extr'ms + Means Extr'ms + Means + Means Extr'ms + 
280 0-90 1 5/583 00—90 4 1299 O—57 8 383/525 12—90 1 4 
29° 10-60 2 4'225 0O—35 8 3 437 U—90 0 5 64˙2 40-85 2 4 
112 O—25 5 0—70 4 2/875 O—90 2 8/550 20—90 2 2 
275 0—75 6 0 8956 15—78 6 0812 0—90 0 5 467/07 10-79 4 2 
49°7 30—-78 4 21 6—76 2 4870 0—90 1 4:473 28—75 4 2 
23 ˙5 2 4:3823 O—57 8 8/855 12—57 4 2/470 11—80 2 4 
41°4 2 0—57 2 4 75˙0 57—90 2 2 36˙7 22—56 3 38 
41°33 12-79 2 4318 O—45 2 4 492 12—90 4 11.450 0—90 1 38 
280 0—57 1 5812 O—68 2 4/418 0—70 1 5/472 11—90 8 2 
378 0—79 2 4 4056 20—70 4 2/388 20—67 4 2\618 0—90 1 2 
318 5—63 10—79 2˙18˙2 6503 15—82 2°32°8 
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one animal. Ten animals were employed at each angle of inclination, 
and thus sixty determinations were made at each of the eight angles. 
1 The total number of determinations was consequently 480. 

i In the table the first column under each angle gives the means 
‘i of the angle of deviation of the slug from the vertical position after 
t the lapse of 45 seconds; the second column gives the extreme deviations 
6 observed in the set of observations with the single slug; the third 
i and fourth columns give the number of cases in which the sense of 
| geotaxis was + (with the head turned towards the earth), and — (with 
| head from the earth) respectively. Under the column 0°, the + and — 
| refer to the side of the box which in the inclined plate was faced by 
+ and — organisms respectively. 

‘ In the bottom line of the table averages are given of the columns 
bt above. From this line we gain the information given in condensed 
ö form in Table III, in which the first line gives the angle of inclination 


of the plate to the horizon and the second the corresponding mean 
deviation of the axis of the slug from verticality. 


| Tax III. 


plate to heren] 30, 60, 45. 30, 225, 18, 78. 0 
th Deviation of slug 


from verticality 179 217 239° 299° 318° 877 47 503 
| 


iW From this table we may draw the conclusion that the precision 
i of orientation constantly diminishes with the angle of peat 
He nation of the plate. 

i To determine more precisely the relation between the inclination 
i of the plate and the angle of deviation of the axis of the slug, we 
i must first consider the problem, What would be the mean angle of 
. deviation from the first direction attained by a slug at the expiration 
i of a fixed time (a time long enough to allow of a complete change of 
position) supposing no directive influences to be at work? It is clear 
that the extreme deviation from the initial direction would be 90°, 
disregarding the sense of the movement. The mean deviation from 
} the first direction would be half way towards this extreme, or at 45°. 
i This mean direction is approximately realized in the angle of deviation 
! from the initial position of the slug crawling on a horizontal surface, 
which, as we learn from Table III, is 90°—503°=39°7°. The fact 
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that this quantity is less than 45° probably indicates that the constant 
time of 45 seconds was not quite long enough for a complete change 
from the initial position. 

Since 45° is the mean position of the undirected slug, this 
quantity may be taken as our base line, and we may consider the 
angular deviations from 45° towards 90°. The question now arises, 
Do these angular deviations run parallel with any function of the 
angle of inclination of the glass plate on which the slug crawls? 
After a little consideration we compared the sines of the angle of 
inclination of the plate with the deviations of the slug, and we 
found that these two wholly unrelated dimensions ran closely parallel, 
as shown in the following table. 


Taste IV. 
1. Angle of incl. of plate TF 17° 2S 45% 6 OF 
2. Nat. sine of angle of plate 0 181 259 388 500 707 866 100 
8. ” 55 x 80 0 8°9 78 115 150 212 20 800 
4. Ang, dev. of slug from 45° +53 -80 -78 -182 -15°8 -233 7-1 
5. Diff. between 8 and 4 -53 +09 +05 -17 -08 -09 727 +429 


In this table line 3 runs fairly close to line 4, the greatest 
difference being upon the horizontal plate, a fact which we have 
already attempted to explain. The considerable deviations at 60° 
and 90° are also, probably, to be accounted for by the fact that 
the 45 seconds allowed did not give them time to orient themselves 
completely. This general agreement between lines 3 and 4 we believe 
to indicate a causal relation between the two series. 

Conclusion. There is a close parallelism between the angular 
deviation of the slug from the haphazard position and the sine of 
the angle of inclination of the surface on which it moves. Since the 
sine of the angle of inclination is proportional to the component 
of gravity acting on the slug, we conclude that the precision of 
orientation of the slug varies directly with the active com- 
ponent of gravity. 
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one animal. Ten animals were employed at each angle of inclination, 
and thus sixty determinations were made at each of the eight angles. 
The total number of determinations was consequently 480. 

In the table the first column under each angle gives the means 
of the angle of deviation of the slug from the vertical position after 
the lapse of 45 seconds; the second column gives the extreme deviations 
observed in the set of observations with the single slug; the third 
and fourth columns give the number of cases in which the sense of 
geotaxis was + (with the head turned towards the earth), and — (with 
head from the earth) respectively. Under the column 0°, the + and — 
refer to the side of the box which in the inclined plate was faced by 
+ and — organisms respectively. 

In the bottom line of the table averages are given of the columns 
above. From this line we gain the information given in condensed 
form in Table III, in which the first line gives the angle of inclination 
of the plate to the horizon and the second the corresponding mean 
deviation of the axis of the slug from verticality. 


Taste III. 
Inclination of 0 0 0 0 Ke 0 Ke 
plate to M 


from verticality | 179° 217° 229° 299° 318° 3/7 43° 503 


From this table we may draw the conclusion that the precision 
of orientation constantly diminishes with the angle of incli- 
nation of the plate. 

To determine more precisely the relation between the inclination 
of the plate and the angle of deviation of the axis of the slug, we 
must first consider the problem, What would be the mean angle of 
deviation from the first direction attained by a slug at the expiration 
of a fixed time (a time long enough to allow of a complete change of 
position) supposing no directive influences to be at work? It is clear 
that the extreme deviation from the initial direction would be 90°, 
disregarding the sense of the movement. The mean deviation from 
the first direction would be half way towards this extreme, or at 45°. 
This mean direction is approximately realized in the angle of deviation 
from the initial position of the slug crawling on a horizontal surface, 
which, as we learn from Table III, is 90°—503°=89°7°. The fact 
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that this quantity is less than 45° probably indicates that the constant 
time of 45 seconds was not quite long enough for a complete change 
from the initial position. 

Since 45° is the mean position of the undirected slug, this 
quantity may be taken as our base line, and we may consider the 
angular deviations from 45° towards 90°. The question now arises, 
Do these angular deviations run parallel with any function of the 
angle of inclination of the glass plate on which the slug’ crawls? 
After a little consideration we compared the sines of the angle of 
inclination of the plate with the deviations of the slug, and we 
found that these two wholly unrelated dimensions ran closely parallel, 
as shown in the following table. 


IV. 
1. Angle of incl. of plate 0% 75° 15° 225° 30 45° 60 905 
2. Nat. sine of angle of plate 0 131 259 #883 500 707 866 1°00 
8. 0 89 $78 160 212 260 800 
4. Ang. dev. of slug from 45° -80 -73 -18°2 -15°8 -22'1 -283 -27-1 
5. Diff. between 8 and 4 -538 +09 +05 -17 -08 -09 427 +29 


In this table line 3 runs fairly close to line 4, the greatest 
difference being upon the horizontal plate, a fact which we have 
already attempted to explain. The considerable deviations at 60° 
and 90° are also, probably, to be accounted for by the fact that 
the 45 seconds allowed did not give them time to orient themselves 
completely. This general agreement between lines 3 and 4 we believe 
to indicate a causal relation between the two series. 

Conclusion. There is a close parallelism between the angular 
deviation of the slug from the haphazard position and the sine of 
the angle of inclination of the surface on which it moves, Since the 
sine of the angle of inclination is proportional to the component 
of gravity acting on the slug, we conclude that the precision of 

orientation of the slug varies directly with the active com- 
ponent of gravity. 
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II. What is the least pressure which calls forth the 
geotactic response ? 


Method. No special method or additional observations were 
employed in this determination, which is merely a by-product of 
the first investigation. The inclination of the plate at 15°, 7°5°, and 
0° gave us at least a chance to determine between what limits the 
“threshold” pressure lies. 

Results. As Table IV shows, when the plate on which the slug 
is crawling is inclined at 15°, the animal deviates 7 80 from the neutral 


position; and when the plate is inclined at only 7°5° the slug still 


deviates 3°0°. These facts are more striking when we contrast the 
position of a slug on a plate at 15° and 7°5° on the one hand, and 0° 
on the other. Thus we find that when the plate is at 15°, the deviation 
of the slug is 12°6° from its position when the plate is at 0°; and when 
the plate is at 7°5°, the slug is 7 7 from its position at 0° inclination. 

Conclusion. At even so small an inclination as 7°5° the slug responds 
to gravity. At this inclination only 13% of the full force of gravity 
is acting. We must therefore conclude that the limiting pressure 
capable of inciting a geotactic response is less than 0°13 g. 


III. What determines wheth® the head end of the slug shall be 
directed wp or down? 


Generally, geotactic organisms are either positively or negatively 
so, that is, they move towards the earth’s centre or from it. A little 
experience with the slug, however, gives one the impression that it is 
altogether accidental whether it takes a positive position or a negative 
position. Yet the sense of orientation cannot be -accidental. Is it 
possible to discover one or more determining causes? 

Method. We considered it possible that there might be an internal 
tendency to go to the right or to the left, or that the immediately 
preceding direction of rotation of the slug might determine the new 
direction of migration. So we were careful to note both the direction 
of deviation of the slug (whether to its right or its left) from the first 
position and to rotate the plate always in a definite and regular way. 
Thus the slug was placed alternately with its head to the east and to 
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the west. At the end of every experiment we turned the slug into 
the position which it had at the beginning of the experiment and 
then rotated the plate through 180° and always so that the slug’s 
head passed (from west or east or from east to west as the case 
might be) through the south. Thus, in the alternate trials the slug 
occupied the same position and had undergone the same preceding 
rotation; consequently, if the direction of its movement were deter- 
mined only by these factors, it should move, in alternate trials, in the 
same sense. 

A simpler method of testing the question whether the slugs have 
any inherent tendency to go towards the right or the left, is to 
place one of the animals repeatedly on a horizontal plate so that 
its axis is parallel to a certain line and then after 45 seconds to 
note whether it has turned to the right or left. If the slug 
repeatedly turns to the same side an internal tendency to go to one 
side is evinced. 

Operations and results. Table II shows that slugs on the whole 
exhibit nearly the same tendency to go up as to go down. Thus, 
with the plate vertical 42°/, of the slugs went down; 58°/, up. At 
all inclinations employed, from 90° to 7°5°, 54°/, went down; 46°/, up. 
This is as near equality as we should expect. 

This equality of the average, may, however, disguise a tendency 
of individuals to go up or down. If any such individual tendency 
exists, it can be detected by the study of the columns in Table II, 
headed + and —. The pairs of entries in this table indicate how 
many times out of the six trials the single slug went earthward or 
zenithward respectively. Where the sum of the two numbers is less 
than 6, the slug went in one or more cases neither up nor down. 
Considering now the 61 experiments in which the slugs always went 
up or down when placed on an inclined surface, we find the following 
distribution of cases : 


TaBLe V 
No. of No. of 
+ - cases 8 cases 
6 0 7 2 4 12 
1 9 1 5 6 
1 15 0 6 8 
9 “61 
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If each slug were as apt to go in one direction as the other, if, in 
other words, the direction of movement were wholly indifferent, we 
should expect, from the doctrine of chances, that the class with three + 
movements and three — movements would be the most frequented. 
But this is not the fact. There is a fairly well-marked tendency to go 
in about four-sixths of the trials in the same direction; indeed, the 
tendency to go in five-sixths of the trials in the same direction is only 
slightly less marked than the absence of any prevailing tendency. In 
certain individuals, indeed, the tendency to go up or down is extremely 
marked, as shown in the following experiment with 12 trials upon one 
slug, in two sets of six each, an interval having elapsed between the 
two sets. 

++ — + + + 
+++ + + + 

Compare also the following 3 sets, gained on one i 
geotactic stug : 


— — 2 0 6 
— x1 Xx —— 24 


Other slugs, however, show complete absence of a geotactic ten- 
dency, thus: 


4 — 
--- + =1 5 
01 + + + + — = 4 1 
+- 1 + = 3 3 

Again, 

41 
+ ——— + 22 4 
+ = 4 2 


From these facts we conclude that individual slugs have at a 
particular moment a tendency to go either up or down. The strength 
of this tendency is, however, very variable in different individuals, and 
at different times in the same individual. At one extreme we have 
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the case in which the slug responds in the same way in 11 out of 12 
trials; at the other extreme it responds an equal number of times in 
opposite directions. The tendency to definite geotactic orientation 
may be regarded as a characteristic of the slug, but a characteristic of 
so unstable a nature that it may be almost absent, under certain 
conditions, and, under other conditions, easily obscured by other 
directive stimuli. 

To get some insight into the determining causes of the sense of 
orientation in apparently indifferent slugs experiments were made upon 
a horizontal plate, kept in the dark box. The slug was placed along 
a straight line as mentioned above and examined after 45 seconds. 
In each new trial the slug was moved tail first along the track it had 
taken until it was returned to its original position. One set of trials 
on a single slug gave the following results; L, indicating that the slug 
had moved towards the left; and R that it had moved towards the 
right; R, L, R, L, R, L, R, L, L. Another set gave: R, L, L, L. R, R, 
R, L. Surely, we can here see no internal tendency to go in any one 
direction. 

The more numerous experiments of our principal series with 
inclined plates supply data upon this question. We placed the slugs 
alternately with their heads to the east and the west; any tendency to 
go to one side would result in an alternation of + and — geotaxis. 
Now, although we have a few series showing such alternation, they are 
hardly more numerous than we should expect from chance. So our 
principal series indicates that there is no definite internal tendency to 
turn the head to one side or the other. 

Finally, we sought to ascertain whether a slight initial impulse 
given to the head of the slug in the act of placing the animal in 
position would determine the sense of orientation. Slugs were placed 
upon horizontal and upon inclined plates, and after having been 
arranged in position the head was pushed slightly towards the right or 
left side and then the animal was left to itself. 

With a fresh slug, it did in fact appear that the slight initial 
impulse determined, in the first few trials, the turning of the slug to 
the right or left, as the case might be. But after perhaps half-a-dozen 
trials the results became more irregular. Indeed, the slug would 
refuse to be straightened into position; it would frequently force 
its head between its own trunk and the fingers which grasped it. 
Apparently a strong contact-irritability had become excited and this 
interfered with the geotactic response. 
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Conclusion. Considering together the results of our experiments 
relating to the third question we conclude that at any moment slugs 
possess a tendency to go either up or down. This tendency must be 
ascribed to some internal condition of the individual, for it varies in 
different individuals and in the same individuals at different times. 
This tendency may be so weak as to be entirely obscured by certain 
external conditions. These external conditions are difficult to deter- 
mine with certainty. It seems clear that one of them is contact- 


_ irritability, exaggerated by frequent handling. Another is probably 


a slight, initial impulse, applied to the head undesignedly and despite 
all caution. The position assumed by the head is thus seen to be 
dependant upon a variety of conditions, internal and external, which, 
working sometimes in opposition to each other, tend to produce an 
irregular result. 
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ON THE GENERAL PHYSIOLOGICAL EFFECTS OF 
EXTRACTS OF THE SUPRARENAL CAPSULES. | 
By SWALE VINCENT, M.B. Lond., British Medical Asso- 
ciation Research Scholar’. 


(From the Physiological Laboratory, University College, London.) 


I. 


IN a paper published two years ago”, Dr Oliver and Prof. Schäfer 
devoted a sub-section to the general physiological effects of suprarenal 
extracts, while the greater part of the communication related to the 
specific effects upon the various kinds of muscular tissue throughout 
the body . u. These latter results are now well known and have 
been fully confirmed by other observers*-”. But, although a few 
papers have appeared dealing with the effects of subcutaneous in- 
jections of extracts of suprarenal capsules, the results obtained have 
been so contradictory, that I have undertaken, at Prof. Schafer’s 
suggestion, a series of experiments, in the hope of clearing up some 
points in connection with the subject. 

I have already made a preliminary communication upon this 
matter to the Physiological Society“. An account of the effects of 
suprarenal extracts of the lower vertebrata I reserve for a future 
pape. 


The expenses involved in this research have been defrayed by a grant from the 
Government Grant Committe of the Royal Society. 


I. Introductory. 

II. Results obtained by previous observers. 

III. Methods employed. | 

IV. Physiological effects observed. 

V. Summary. 

VI. Papers referred to. ; 
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II. RESULTS OBTAINED BY PREVIOUS OBSERVERS. 


The earliest important investigations upon the effects of injecting 
suprarenal extracts into animals are those of Foà and Pellacani'*** 
In their earlier experiments“ ““ these observers employed aqueous 
solutions of fresh animal substances, including the suprarenal capsule. 
They succeeded in causing death in a dog by injecting subcutaneously 
the suprarenal capsules of a calf in the form of neutral extract. Similar 
but more rapidly fatal effects were obtained in experimenting upon 
guinea-pigs and rabbits. But when injected intravenously they ob- 
tained like results from extracts of liver and kidney. So they con- 
cluded that the effect was not a specific one. 

In their later work, produced conjointly‘, Foà and Pellacani, 
eliminating the injurious effects of fibrin ferment, found that the toxic 
action was peculiar to the suprarenal capsules. They further determine 
that the toxicity is not due to the acids present, for if one separates 
these out, the extracts remain active. Further, the toxic effects are 
not due to a ptomaine which the authors found in the capsules, for 
this is physiologically inactive. They conclude that the active prin- 
ciple of the suprarenal capsules paralyses the spinal cord and the 
medulla oblongata, destroys completelv all motion and sensation, and 
kills by paralysis of the respiratory centre. These authors prepared 
their extracts by boiling, evaporating to dryness, extracting in the 
cold with alcohol, and re-dissolving in water. “After filtering and 
evaporating the aqueous solution one obtains a residue coloured blacl:, 
of a peculiar odour, of very acid reaction, and which, in a dose of 
1 gramme, kills a healthy dog.” Thus it will be seen that the doses 
employed corresponded to very large quantities of the fresh gland 
substance. 

These experiments were adversely criticised by Alexander“, who 
suggested, with considerable justice, that chemical changes might 
have taken place in the active principle during the complicated 
manipulations employed by Foa and Pellacani, and considered that 
the results obtained were of no physiological importance. Mattei 
also* was of a similar opinion. 

Marino-Zucco, Dutto and Guaruceri“ ““ concluded that the 
effects observed were due to neurin. 

Alexais and Arnaud contributed two papers on this subject”, 
which, however, I have so far been unable to consult. As quoted by 
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Langlois’, these observers came to the conclusion that in the sub- 
stance of the suprarenal capsules in the fresh state there is not any 
active principle. This, they consider, only becomes developed under 
the influence of certain post mortem conditions, among which are the 
manipulations employed in the preparation of the extracts. They do 
however, pronounce finally on the subject’. 

Oliver and Schäfer“ injected subcutaneously comparatively large 
doses of aqueous suprarenal extracts into the dog, the guinea-pig, and - 
cat without obtaining any obvious effects. “The animals were usually 
unaffected by moderate doses, but with larger doses in the guinea-pig 
and the dog we have obtained a slight transitory disturbance of the 
rate of the heart-beats, of the respiration, and of the body temperature.” 
Two experiments are detailed in support of these statements. It may 
be noted here that the dose administered to the guinea-pig (viz. 
1°29 gramme of the fresh gland) was very much smaller than I have 
employed. 

“In the rabbit the case was different. In this animal a large 
dose of suprarenal extract administered subcutaneously appears in- 
variably to produce death; and this event may take place in half- 
an-hour, or it may be delayed until the following day, or it may not 
occur till after the lapse of a few days. After the injection, the 
temperature (taken in the rectum) may fall and may become very 
low before death, or it may be but slightly affected on the day of 
injection, and yet the animal may be found dead the following morning. 
In half-an-hour after a large subcutaneous dose the animal may be- 
come listless, and may when interfered with move languidly; it may 
however preserve its normal movements in the hours following the 
injection, and yet may die during the night.” These conclusions are 
‘supported by four typical experiments. 
I should like to remark in passing that the remote effects noted 
by Foa and Pellacani as well as by Oliver and Schäfer, have not 
been noticed by myself. If the dose has been sufficiently large to 
produce any effects at all, I have usually observed some changes in 
the reactions and disposition of the animal within a few minutes of 
the injection. 

In experimenting upon frogs, Oliver and Schäfer find as follows: 

The general effects of the subcutaneous injection of suprarenal 
These, Paris, 1897. 


Sind the above has been in type I have succeeded in obtaining the original papers. 
The account given represents fairly well the views of the authors. 
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extract in the frog in a dose equivalent to 03 gramme of the fresh 
gland are sufficiently striking. For the first few minutes the animal 
appears to be unaffected. After about 10 minutes its movements have 
usually become languid, but if held by the leg it is still able to kick 
with great force. After another 5 minutes its voluntary power over 
the muscles is greatly diminished and it reacts little if at all to 
cutaneous excitation. It is quite unable to recover itself if laid on 
its back. Soon however this condition begins to pass off, so that by 
half-an-hour after the dose has been administered the animal again 
appears to be nearly, if not quite, in a normal condition. Even con- 
siderably larger doses are recovered from within a comparatively short 
time. That the paralysis is not peripheral like that of curare is shown 
by the results of stimulating the muscle-nerve preparation when the 
effect is at its height; it must therefore be due to the action of the 
poison upon the central nervous system. The languid movements 
which are manifested may be the result of the effect which the extract 
has in prolonging the individual contractions of the muscle fibres.” 
Cybulski™™ discredits the toxic effects of suprarenal extracts 
in the case of rabbits, in spite of their invariably fatal results. These 
he considers to be due to an effect principally upon the vaso-motor 
centre. An accessory cause of death, he suggests, may be the narrowing 
of the arterial blood vessels throughout the body, which causes an 
anemic condition of the whole nervous system, and at the same 
time a considerable widening of the pulmonary vessels and engorge- 


ment of the lungs with blood. 


Gourfein™ determines that, in treating watery extracts with strong 
alcohol, one obtains a precipitate of “albuminoids” which, re-dissolved 
in water, are deprived of toxic properties, while the substances which 
have remained dissolved in the alcohol present on the contrary a 
very powerful toxic action and are not destroyed by heat. After their 
injection he observes a progressive respiratory difficulty, an enfeeble- 
ment of the heart, a rapid and general prostration, but no paralysis, 
for the animal to the end reacts to stimulation; further, the vagus 
is paralysed, although the sciatic remains excitable eighteen minutes 
after death. Finally, he notes the variability in the toxic effect 
obtained in different cases. 

Glaczinski™ injecting intravenously, obtained paralysis of the 
posterior part of the body, and convulsions in the anterior part, with 
acceleration of the respiration and dilation of the pupil. The animal 
succumbed in the midst of a progressive dyspnoea and general paralysis. 
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Caussade“* has employed glycerine extracts, and notes mark ed 
enlargement of the glands in guinea-pigs after repeated injections of 
material obtained from the calf. 

Dubois“ attempts to account for the variations in the effects 
obtained by classifying them under three heads: (1) those depending 
on the animal experimented upon, (2) those due to the animal from 
whose capsules the extracts were made, and (3) variations conditioned 
by the mode of obtaining the extracts. He found that fatigue previous 
to injection rendered the animal much more susceptible to the toxic 
action, that extracts obtained from the capsules of wild animals were 
more powerful than those obtained from animals which had been kept 
in captivity, and that the medullary region was much richer in the 
active poison than the cortex. 


Merson. 


I have performed a series of 80 experiments. The animals experi- 
mented upon have been rabbits, guinea-pigs, rats and mice, frogs 
and toads. 

The extracts employed have been for the most part prepared by 
myself. The method most often followed has been to boil the fresh 
chopped suprarenal glands with normal saline solution for a short time, 
carefully filter, and employ the filtrate for injection. Sometimes the 
fresh glands were pounded with water or normal salt solution and sand 
in a mortar, and the filtrate injected without boiling. Dried material 
has also been used to a large extent. The fresh glands were cut up 
into very small pieces and dried at a low temperature over a water 
bath, and the extracts subsequently prepared as above described. 
Sometimes cortex and medulla have been carefully separated and used 
for extracting and injecting, either fresh or after drying. Appreciable 
quantities of the cortical substance of sheep’s suprarenals can be easily 
snipped with a curved scissors without the slightest danger of contami- 
nation with medulla. The ratio of the weight of the dried gland to 
that of the fresh is about 1:6. In addition to the above, I have also 
made use of glycerine and alcoholic extracts. 

In most of the experiments the injection has been made sub- 
‘eutaneously, beneath the skin of the back, with a hypodermic needle. 

In some experiments I have injected the extract into the pleura or 
peritoneum, and in a few I have injected intravenously’. 

1 I am indebted to Messrs Burroughs and Welcome for supplying me with large 
quantities of suprarenal glands for these experiments. 
8—2 
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Numerous control experiments have been performed. Thus when 
a glycerine extract was injected, the same amount of glycerine diluted 
to the same extent was injected into another animal of as nearly as 
possible the same weight. In some of the earlier experiments I took 
the precaution of sterilising the needle and rendering the skin of the 
animal aseptic before the injection, but the control experiments soon 
showed these precautions to be unn 
The suprarenals employed for the making of the extracts were 
obtained mostly from the sheep, but some were from the ox, and 
occasionally those of smaller animals have been employed, eg. dog, 
cat, rabbit, guinea-pig, etc. 


IV. PHysioLocicaL EFFECTS OBSERVED. 
(a) Frogs and toads. I have performed four experiments upon frogs 


and four upon toads. In frogs I have found that after injection of a 


glycerine extract equivalent to about 0°5 gramme of the fresh gland, 
into the dorsal lymph sac, paralysis immediately comes on. The animal 
cannot recover the prone position when placed on its back, but the legs 
react when stimulated. It soon begins to recover. 

With larger doses there are spasms and fibrillary twitchings in 
various parts. With a certain intensity of dose the hind limbs are 
paralysed while there are twitchings of the fore limbs. Sometimes one 
leg is stretched out while the other is drawn up, while at other times 
the hind limbs are stretched out parallel to each other. 

With still larger doses there is no reaction to cutaneous stimulation, 
but there are frequently clonic spasms in all parts of the body. When 
the frog is lying on its back the anterior muscles of the trunk and neck 
are contracted in such a manner that the head is raised from the table. 

Doses up to 3 grammes are not fatal. During recovery the move- 
ments of the animal are languid and “ sprawling.” 

I have found (as did Oliver and Schafer) that stimulation of the 
sciatic nerve when the effect is at its height, produces movements of 
the limb, showing that this paralytic effect is central and not peripheral. 

In toads, the effects were practically the same, except that very 
much larger doses were required to produce corresponding symptoms. 
The difference was not proportional to the difference in weight between 
the animals. 

In one frog the condition 8 appeared to resemble that of 
strychnine or veratrine poisoning. On touching the animal, a short 
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series of spasms set in. But that the effects were not due to the spinal 
cord was shown by its destruction, when the condition of the animal 
was apparently the same as in another with cord intact. 

It seems probable that the effect is upon the motor centres in the 
brain. 

(6) Rats and mice. Twenty experiments have been performed 
upon rats, and twelve upon mice. 

Rats. Doses between 25 and 5 gramme of dried suprarenal 
(=about 1°5 and 3 grammes of the fresh gland) produce quick and 
shallow respiration and excited heart's action. The animal at first 
rushes about in an excited manner, but soon paralysis of the hind limbs 
sets in, followed by that of the fore limbs. The rat now remains stationary 
and the breathing becomes less frequent, while the heart becomes 
feebler. After a time it lies on its side or its back, the limbs are 
flaccid, and the irregular and infrequent respiration causes the head to 
sway backwards and forwards. Later on the breathing becomes rarer 
and spasmodic, and the animal may succumb in a gasping state. Tremors 
sometimes occur. 

Small quantities of blood-coloured urine are occasionally passed. 
Sometimes there is frequent and abundant micturition. Defecation 
often takes place. 

Even after all these symptoms have supervened, the animal may 
completely recover. 

The temperature often falls very low before death. 

The rats appear to suffer from occasional strong sensory disturbance 
which they manifest by squeaking. Some few have appeared to die in 
respiratory convulsions. The heart beats a short time after the respira- 
tions have ceased. 

When the injections are made into the pleura or peritoneum the 
dose required to produce symptoms is much smaller, and the effects 
are more rapid. Thus there may be violent convulsions which set 
in immediately. Sometimes there have been erection of penis and 
emission of semen. 

I have not been able to verify Dubois’ observation that fatigued 
animals were more susceptible to the toxic action of suprarenal 
extracts than normal animals. I have, however, only performed three 
experiments upon rats, and do not wish to lay too much stress upon 
these observations. 

In mice the same symptoms occur with smaller doses. 

(e) Guinea-pigs. Twenty-three guinea-pigs have been experi- 
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mented upon. For a guinea-pig of average weight about six grammes 
of the fresh gland are necessary to ensure a fatal result. The 
symptoms are practically the same as in rats and mice, except that 
blood-coloured urine is more frequently passed. This sometimes 
contains no corpuscles, while at other times these are present in 
abundance. There are also frequently signs of bleeding from mouth 
and nostrils, and indeed there may be abundant arterial blood poured 
out from these parts. The hematuria has not occurred in my experi- 
ments with quite fresh material’, while on the other hand, the bleeding 
from the mouth and nostrils occurs equally with fresh and dried 
material and with glycerine extracts. Even if the symptom never 
occurs with fresh material, it must still be considered as a specific 
effect of the suprarenal extract, for it does not occur after injection of 
other gland-extracts, whether fresh or dry. 

Guinea-pigs always manifest considerable restlessness after injection, 
running about and grunting or squeaking continually. 

(d) Rabbits. I have employed seventeen rabbits. The fatal dose 
cannot be stated, with any great accuracy, for sometimes a dose less 
than that which would be fatal to a guinea-pig, is sufficient, while in 
one case an enormous dose (3 grammes of dried medulla) proved practi- 
cally harmless. 

The symptoms are rather different from those shown by guinea- 
pigs. Instead of appearing restless the rabbit usually becomes sleepy 
and listless. Then after a time the eyes appear wide open and staring, 
and the pupil is slightly dilated. A peculiar attitude is nearly always 


assumed: the hind limbs are stretched out behind while the fore limbs 


are stretched out in front. Soon the hind limbs become weak and 
later quite paralysed, some time before the fore limbs are affected. 
There is never any hematuria, or bleeding from mouth and nostrils (so 
far as my experiments lead me to conclude). 

I have proved in two cases in rabbits that the paralysis is central 
and not peripheral (see account re frogs and toads). 

Mode of action of the eatracts. Thesuprarenal capsule appears 
to contain an active principle which acts both centrally and 
peripherally. The central action is most probably upon the motor 
centres in the brain, while the peripheral action is shown by the effect 
upon blood-pressure when the extract is injected intravenously. Are 


1 It has occurred, however, with extracts made from Burroughs and Welcome’ s 
‘‘tabloids,” which are made from suprarenals dried in such a manner as to prevent 
decomposition. 
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both these effects due to one substance or are there two such active 
materials present in suprarenal extracts? It is of course just possible 
that the central effect may be due to the contraction of the arterioles 
in some part of the central nervous system. The same may also apply 
to the respiratory symptoms described above. 

The hematuria and the bleeding from the mouth and nostrils 
observed in guinea-pigs, rats and mice, is probably the expression of 
the high blood-pressure, brought about by the extract. 

The cause of death I must leave an open question. There are, 
however, certain symptoms (see above) which seem to point to an action 
of some sort upon the respiratory centre. 

Immunity. I frequently noticed in my earlier experiments, that 
after a dose which had failed to kill, the animal became very resistant 
to subsequent injections, so that a much larger dose was subsequently 
required to produce symptoms, than in an animal of the same weight 
which had been previously untouched. 

Further experiments directed to this question have shown clearly 
that after moderate doses of suprarenal extract (in rabbits at least), 
a partial immunity is set up to the toxic action of the extracts. This 
immunity passes off after a few weeks. 

Effects of repeated injections. So far I have been unable to verify 
Caussade’s observations with regard to hypertrophy of the capsules 
after repeated injections of suprarenal extracts. 

Specific action. We are now in a position to determine one very 
important point in relation to this subject. Is the toxic action of 
suprarenal extracts a specific one, or do we obtain similar effects by 
injecting extracts obtained from other organs and tissues? With a 
view to settle this I have made numerous experiments, employing 
extracts obtained fiom liver, spleen, kidney, and muscle of various 
animals, When prepared by boiling for a short time and filtering, 
none of these produce any physiological effects whatever 
when injected subcutaneously into an animal, so that we may 
safely conclude that the above symptoms are characteristic of extracts 
of suprarenal capsules. 

The cortical portion of the suprarenal gland is quite 
inactive as regards any appreciable general effects, just as Oliver and 
Schafer found it to be in its effect on blood-pressure. 
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V. SUMMARY. 


After sufficiently large doses of suprarenal extract injected sub- 
cutaneously, we get slowed muscular movements, paresis, and finally 
paralysis of the limbs (hind limbs always becoming affected first), 
bleeding from the mouth and nostrils, hematuria (not observed in 
rabbits), breathing rapid and shallow at first, finally becoming deep and 
infrequent, and occasionally convulsions resembling those of asphyxia 
preceding death, before which the temperature often falls very low. 

The paralysis is central. The effects are due to the medulla of the 
suprarenal capsules, the cortex containing no toxic substance. The 
effects are specific to the suprarenals and not common to other gland 
extracts. The toxic material is easily eliminated in some way or other; 
this accounts for the large dose required and the ease with which 
recovery takes place. Idiosyncrasy plays a large part in the conditions. 
A partial immunity can be set up by giving doses not sufficient to kill. 
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A FURTHER STUDY OF HEPATIC GLYCOGENESIS. 
By D. NOEL PATON, MD., F.R.C.P.Ep., Superintendent 
of the Research Laboratory of the Royal College sii a ga 

Edinburgh. 


In 1894 I published the results of a series of experiments on hepatic 
glycogenesis which seemed to show :— 

(1) That there is in the excised liver an early rapid amylolysis 
preceding and probably accompanying the disintegrative changes in the 
cells. 


(2) That a much slower amylolysis continues after the disinte- 
gration of the liver cells and lasts for many hours. 

(3) That when the structural integrity of the liver cells is 
destroyed by grinding with sand the rapid early amylolysis is dimin- 
ished. 


(4) That raising the liver to a temperature of 60°C. retards the 
early amylolysis. 

(5) That fluoride of sodium in 1% solution retards the early 
amylolysis. 

(6) That chloroform water, which has no action on zymins, acce- 
lerates the early amylolysis and at the same time accelerates the 
disintegrative changes in the cells. 

(7) That while the product of early amylolysis is glucose, the 
product of ‘the later amylolysis is a mixture of glucose with other 
carbohydrates. . 

From these experiments I concluded that “the early changes in 
the excised liver are simply a continuation of the vital processes of 
the organ—the katabolic side of metabolism being exaggerated, the 
anabolic side in abeyance” (p. 277). 

I further expressed the opinion that the later slow amylolysis is 
due to “the development of a zymin probably formed by the disinte- 
gration of the cells,” and stated that almost certainly the two — 
greatly overlap one another. 


1 Philosophical Transactions, vol. 185, p. 238. 1894. 
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These conclusions Dr Pavy has combated in his Epicriticism, 
1895, maintaining that the conversion of glycogen to sugar is entirely 
due to a zymin. 

He arrives at this conclusion partly by a priori reasoning upon the 
action of zymins on the one hand and living protoplasm on the other 
(p. 72), partly from a series of experiments devised to show that a 
zymin alone acts, and partly from a refutation of the series of experi- 
ments adduced by me to show that the early active amylolysis is 
connected with the structural integrity of the cells. . 

I have continued the investigation of the subject, but before 
proceeding to consider the results of my experiments it may prevent 
misunderstanding if I briefly state the meaning which I attach to the 
terms “zymin” and “living action of cells.” 

By a zymin I understand a chemical substance distinct from though © 


not necessarily separable from the protoplasm, which under suitable 


conditions brings about changes in various substances enormously 
in excess of any changes which may occur in itself. 

As to “living action of cells” I at once admit that the term is 
unfortunate. All we know is that the basis of this living action is 
the constant chemical changes in cell protoplasm—the constant breaking 
down or katabolic changes—the constant building up or anabolic 
changes, and that in animals the katabolic changes liberate the energy 
necessary for construction—the constructive changes only occurring 


when suitable material is supplied. The katabolic changes may thus 


go on without the anabolic. 

The formation of zymogen granules in the cells of the pariorens is a 
result of this metabolism, and for their conversion into a zymin it is not 
necessary to postulate the existence of another zymin. In my previous 
paper I compared the conversion of glycogen to glucose to this process, 
and expressed the view that unless the presence of a zymin bringing 
about this change could be demonstrated it was unjustifiable to 
assume the action of such an agent. 

Whether or not structural integrity of the cells is essential for 
the continuance of such changes is, I consider, a matter of secondary 
importance. 

When I published my previous paper I believed that I had 
demonstrated that the structural integrity of the cells has an influence 


on the rate of conversion of glycogen to sugar, though I clearly 


indicated that disintegration might be a cause of the conversion, 
I said that “amylolysis may be divided into an early, more rapid 
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stage before and accompanying disintegration of the liver cells, and a 
late, slower stage after disintegration of the cells” (p. 249). I used this 
as one argument in favour of the process not being due to a zymin. 

On page 84, et geg., of the Epicriticism Dr Pavy gives a series of 
experiments to show that the rate of amylolysis is not diminished by 
destroying the structural integrity of the cells by grinding with sand 
and in face of these experiments I have reinvestigated this question. 


(a) Js Structural Integrity of Liver Cells necessary for 
carly rapid Amylolysis! 

It occurred to me as a possible explanation of the discrepancies 
between our results that the sand I had employed in my previous 
experiments might have contained some substance which inhibited the 
conversion of glycogen. It had been taken from a large iron sand 
bath and repeatedly washed with water under the tap. In these later 
experiments I have used powdered glass and sand, both of which were 
first treated with strong HCl, with KHO, then subjected to prolonged 
washing under a stream of water until the reaction was neutral, then 
washed with methylated spirit and again with water, and finally washed 
with absolute alcohol and ether and dried in an evaporating basin over 
a Bunsen burner. 

In these experiments I have continued to employ the method of 
estimating the changes in glycogen instead of the changes in glucose. 
(1) Because the method has proved satisfactory in my hands. 
(2) Because the estimation of sugar by Fehling’s solution gives 
divergent results for the various sugars. (3) Because when the sugar 
is formed, we have no evidence that it is not further broken down. 
Dr Pavy seems to have recognised the possibility of this, for he says 
in his Physiology of the Carbohydrates, p. 151, in speaking of his 
results with livers treated with alcohol, “It has seemed as though 
carbohydrate material has, upon some occasions, been brought into 
evidence from a latent or some other state, and conversely, upon 
others, has disappeared from view.” 


Exp. 1. Rabbit killed at 3.26. 


A =20°7 grm. liver in boiling water at 3.32. 
32 138 grm. ground with glass in mortar. 
C = 247 grm. minced. 
B and C placed in 75% NaCl at 3.32 and kept at 38°C. till 6.30 
(3 hours). 
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A= 1-000 grm. = 4-83 / glycogen. 
B=0-396 grm.=2'86"/, „ 
O grm. 342% „ 


Exp. 2. Rabbit killed at 12.37. 
B=21°9 grm. pounded with sand. 
C = 16-9 grm. minced. 
B and C in 75% NaCl in incubator at 38°C. from 12.43 to 9.15 
(83 hours). | 
B =0°854 = 3°90°/, glycogen. 
C=0700=414%, „ 


Exp. 3. Rabbit killed at 12.35. 
A= 9-5 grm. liver in boiling water at 2.30. 
B=17-0 grm. pounded with sand. 
C = 200 grm. minced. 
B and O in 75% NaCl in incubator at 38° C. from 2.30 to 4 (14 hours). 
A = 293 grm. = 3°08 glycogen. 
B= 366 grm.=2°15°/, „, 
497 grm.=2°48°/, 


In these experiments the results do not correspond to those pre- 
viously recorded by me. They show no diminution in the amylolysis 
in the liver pounded with sand, and confirm Dr Pavy’s statement 
that destruction of the structural integrity of the cells does not 
diminish the rate of amylolysis. 

It was therefore necessary to investigate if any substance might 
have been present in the sand formerly employed to account for the 
results then. obtained. It seemed to me that oxide of iron from the 
bath was a probable contamination, and I therefore added oxide of 
iron to the cleaned sand and with this got results corresponding to 
those previously recorded. 


Exp. 4. Rabbit killed at 12.45. 
A =15 grm. liver in boiling water at 12.50. 
B=10°5 grm. pounded with sand and iron oxide. 
C =12°5 grm. minced. 
B and C in 75% NaCl in incubator from 12.50 to 4.30 (4 hours). 
A = °472 grm. = 3°14°/, glycogen. 
B= 301 grm. =2°86°/, 
C 242 grm. 193% „ 
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xx. 5. Rabbit killed at 12.7. 
a A= 87 grm. liver in boiling water at 12.17. 
B = 14-3 grm. minced. 
C = 21-5 grm. pounded in clean sand. 
D=18-0 grm. pounded in sand with iron oxide. 
B, C and D in 75% NaCl in incubator at 38°C. from. 12.17, to. 4 
(4 hours). 
A= ‘51 grm. =5°86°/, glycogen. 
B= 629 grm. 439% „ 
0 1082 grm. 503% „ 
D= 991 550% „ 


The results previously obtained by me appear to have been due 
to the accidental presence of oxide of iron in the sand used. 


But admitting that structural integrity of the cells is not essential 
to the rapid amylolysis, I maintain that the other evidence adduced 
in my paper points most clearly to the conclusion there come to. 

The only alternative to this conclusion is the theory that the early 
amylolysis is due to a ferment or zymin. 
That the action is due to such a zymin Dr Pavy endeavours to 
prove by two series of observations. 

1. He shows that in the liver, which has been frozen for 24 hours 
and then thawed, rapid amylolysis goes on. 

He says, of this process of freezing, p. 89, “I take it that such a 
proceeding applied to such a structure may be considered to destroy 
the vitality suggested as constituting the source of the active amylolysis 
under consideration.” 

Here everything depends upon the meaning of “vitality.” If the 
vital force” or “spirit” of the early decades of the century is meant, 
I at once confess I know nothing about it. If the chemical changes 
in protoplasm, constructive and destructive, which form the basis of 
those manifestations which we call life are meant, I admit that after 
freezing and thawing the constructive changes are in abeyance. But 
I know no reason to assume that the destructive or katabolic changes 
do not occur, and it is with these that I have endeavoured to connect 
the early amylolysis. 

These experiments with frozen livers appear to me to have no 
bearing on the question. 

2. A more cogent argument is advanced by Dr bits in his 
Physiology of the Carbohydrates, page 147 et seg. He here maintains 
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that the liver substance of the dog, coagulated with alcohol, dried and 
powdered, when added to water and kept at 38°C., produces an amylo- 
lysis as rapid as that produced by fresh liver. He describes the process 
in regard to the liver as follows. “After being thoroughly reduced 
to a pulp in a mortar, it is placed in a sufficiency of alcohol to fully 
secure coagulation. The alcohol is afterwards strained off and, with 
it, is removed the greater quantity of the sugar which may happen 
to be present. The coagulated material is now allowed to dry.” At 
a meeting of the Physiological Society on June 27, 1896, the process 
was described as follows: “the liver is well pounded in a mortar with 
spirit and afterwards subjected to successive washings with spirit to 
remove the sugar present at the time of being taken. Dried, without 
the employment of heat, and reducod to powder.” 

It will be observed that he does not state how long the alcohol 
is allowed to act. This is a point of considerable importance, for 
it is known that the higher proteids, albumin and globulin, require 
strong alcohol to coagulate them, and that the alcohol must act for 
some weeks, 

Halliburton in describing the separation of coagulable proteids“ 
says, “Add ten times its volume of alcohol to the solution. This 
precipitates all the proteids. Leave the precipitate under absolute 
alcohol for at least one—better two or three—months. Pour off super- 
natant alcohol, evaporate the rest of the alcohol at 40°C. Add water. 
The albumoses (except dysalbumose) and peptones enter into solution. 
Albumins and globulins are, as a result of the prolonged action of 
alcohol, insoluble in water and saline solutions.” 

There is no evidence that Dr Pavy’s process does cause complete 
coagulation of the proteid constituents of protoplasm, and evidence is 
wanting that when the precipitate is treated with water and kept at a 
suitable temperature the katabolic changes for the time arrested do not 
again manifest themselves. 

I here give some experiments with liver tissue treated with alcohol. 


(b) Eaperiments with Livers treated with Alcohol. 
A. Experiments on the Liver of Rabbit and Sheep. 


Expr. 6. On November Ist, 1896, the liver from a rabbit just killed was 
pounded in absolute alcohol in a mortar, and kept in absolute alcohol till 


1 Physiological Chemistry, p. 141. 


: 
7 
Z — 
5 
— 
* 


HEPATIC GLYCOGENESIS. 127 


9th February, 1897, when it was dried and freed from connective tissue. On 
the 10th February it was divided into 3 parts, A, B and C. 


A weighed 794 grm., and was thrown into boiling water at I p.m. 

B weighed 595 grm., was placed in 75% NaOl solution in the incubator 
at 38°C. till 3.30 (23 hours). 

C weighed 357 grm., was placed in 75% NaCl solution in the incubator 
at 38°C. till 9.50 (9 hours). 

B and C were at the hours specified thrown into boiling water and 
actively boiled. | 

All were evaporated to dryness and_repeatedly extracted with alcohol of 
90 per cent. The alcoholic extract was filtered and evaporated to dryness, 
and the residue taken up in 20c.c. water. 

Each was titrated on 1 c.c. of Fehling’s solution, equivalent to O 005 grm. 


A_ All the fluid caused only slight reduction. 
B All the fluid caused no marked reduction. 
C All the fluid caused no marked reduction. 
In each case the Fehling was finally tested by adding a drop of glucose 
solution. 
The glycogen of the residue of each was extracted by Kiilz’s method. 
A = 107 grm. = 13°4°/,. 
B = ‘088 grm. = 14°8°/,. 
C = 059 grm. = 13°7°/,. 


Exp. 7. On February 15th a rabbit’s liver was chopped up and at once 
placed in methylated spirit. On the 18th the spirit was poured off, and the 
liver pounded and dried on unglazed porcelain at 15°C. till the 19th. It was 
then rubbed up in a mortar, passed through clean muslin, and preserved till 
the 22nd. 

A 1-5 grm. in boiling water at 1 p.m. 

B 1-5 grm. in water at 40°C. from 1 to 1.45 (14 hours). 

O 1 „ 1 to 11 on the 23rd (22 hours). 

All were treated as in experiment 6, except that larger amounts of water 
were used to dissolve the sugar. 

A 5lc.c. water. Whole amount caused only incomplete reduction. 

It contained less than 005 grm. glucose. 

B 60c.c. water. 424 c. gave only incomplete reduction. (Rest of 
fluid lost in filtering.) 

It contained only about 005 grm. glucose. 

C 110c.c. water. 34 d. gave complete reduction. 

It contained 016 grm. glucose, 
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Only after very prolonged action (22 hours) was there any marked 
amylolysis. This may have been due to the influence of micro-organisms. 


Exp. 8. On March 10th the liver was procured from a sheep just killed. 
A large part of the liver was finely minced and divided into four portions, A, 
B,C and D. Each portion was pounded in a mortar in a large quantity of 
methylated spirit. 
A was left for 10 minutes in the spirit. 
3 „ „ 4 hours ” ” 
Cc ” 24 ” ” 
D 42 days ” ” 


At the end of these periods the alcoho] was filtered off, and the liver was 
dried at the room temperature, powdered and passed through clean, dry 
muslin to separate connective teens, blood vessels, etc. The dry powder was 
preserved in bottles. 

On May 2nd a rabbit fed upon turnips was killed and the liver was 
extracted with boiling water, and the extract filtered through clean calico. 

Of the filtrate 30 c. om. were placed in each of four beakers, 1, 2, 3 and 4. 


Tol, 1 grm. of liver C was added. 
To 2, ” » A ” 
To 3, ” » 0 ” 


1 was at once boiled. 

2, 3 and 4 were kept in an incubator for 4 hours and then boiled. 

The glycogen in each was extracted by Kiilz’s method ; and the complete 
extraction was tested by a repetition of Kiilz’s method in 1. No glycogen 

1 contained 493 grm. glycogen. 
498 grm. 


41 55 


That there was nothing in the condition of the experiment to retard the 


conversion of glycogen by a zymin was yee by the rapid disappearance of 
glycogen under the action of saliva. 


These experiments indicate that even after a short 
treatment with alcohol the liver tissue of the rabbit and 
sheep loses its power of converting glycogen to glucose. 
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B. Trperiments on the Liver of the Dog and Cat. 

' Exp. 9 a. On March Ist the liver of a dog, chloroformed half-an-hour 
before, was pounded in methylated spirit and left in the spirit for 24 hours. 
The spirit was then filtered off and the liver dried at a low temperature and 
treated as in the last experiment. 

On the 10th 


A I grm. boiled in water. 
3 „ im water in incubator for 3 hours. 
* ” ” 5 ” 
D „ ” * 75 23 ” 
B, O and D were then boiled and each was extracted with boiling water, 
the water evaporated and the amount measured. 
A= 130 0.0. B = 185 c.c. 
C = 160.0. D=120c.c. 
These are titrated with Fehling's solution. 
A contained 0°017 grm. glucose. 
3 „ 0050 rm. „ 
„ 0100 rm. „ 
D „ less than 01 grm. glucose. 


Exp. 9 ö. To a solution of glycogen, prepared from a rabbit's liver, two 
portions of 25c.c. each were taken, A and B. To each 1 grm. of the liver 
substance used in the last experiment was added. 

A was at once boiled; B was kept in the incubator for 4 hours and then 
boiled. 

In both the glycogen was extracted by Kiilz’s method. 

A = grm. 32 0˙197 grm. 


Exp. 10. The liver of a cat killed on May 24th was pounded in alcohol 
and set aside for 24 hours. At the end of this period some of the liver was 
dried at the room temperature on unglazed porcelain. The rest was left for 
30 days and then dried in the same way. On July 12th a solution of 
glycogen was prepared and divided into three portions of 50 c.c. each. The 
glycogen in one portion, A, was determined at once. To another portion, B, 
1 grm. of liver dried for 24 hours was added, and to the third portion 1 grm. 
of liver dried for 30 days. Both were kept in the incubator for 4 hours and 
the glycogen determined by at once boiling, cooling, adding potassic mercuric 
iodide and acid and carrying out the further extraction after Briicke’s 
method. 


A = 0-287 grm. glycogen. 
B=0193 grfm. „ 
0 = 0-255 grm. 


* 
IZ 
* 
L. 
— 
J 
* 
PH. XXII. 9 
t 
~ 


130 D. V. PATON. 


The liver of the dog and cat thus yields a different result 
to the liver of the sheep and rabbit. Here a short treatment 
with alcohol does not arrest the amylolytic action when it is 
placed in water at a suitable temperature. 

I have so far made only the one experiment (10) on the cat’s liver 
kept sufficiently long in alcohol to cause coagulation, but that experi- 
ment seems to show that when the liver is kept long enough in alcohol 
to secure complete coagulation its amylolytic power is lost. Upon this 
subject and upon the curious difference in the behaviour of the liver 
in the rabbit and sheep and in the dog and cat I hope to make 
further investigations. 

It appears to me that neither Dr Pavy’s nor my experiments on 
the liver treated with alcohol throw any important light on the nature 
of the changes in the liver of an animal just killed. 


One of the facts which weighed with me in forming my view as 
to the nature of the post mortem amylolysis was the uniform absence 
of success of other observers in their attempts to separate an active 
amylolytic zymin from the liver. In view of these results I considered 
it necessary to make experiments upon this point. 


(e) Can an Amylolytic Zymin be separated from the Liver 
I here give some examples of these experiments. 


Exp. 11. 9th January, 1897. Fætraction with glycerin and with water. 
Rabbit killed at 11.50. 

Liver. 30 grm. were at once pounded with clean sand and rubbed up with 
absolute alcohol. 

After standing for 24 hours, the alcohol was poured off and the liver 
substance dried at the room temperature and rubbed up with glycerin, in 
which it was left till 26th Jan. and then filtered. 

On 17th February, 5 c.c. were added to starch solution, and kept in the 
incubator at 38°C. for 2 hours. At the end of this period no trace of sugar 
was present. 

To the residue of the liver water was added, and the liver substance 
rubbed up with it and allowed to stand for 5 days. On the 22nd, 82 0. 0. of 
the watery extract, which was extremely opalescent and gave a strong glycogen 
reaction, was divided into two parts of 40 c.c. each, A and B. 

A was at once boiled. | 

B was placed in the incubator at 38°C, for 4 hours, and then boiled. 
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Glycogen in both extracted by Briicke’s method. 
A = 0-245 grm. B = 0°257 grm. 


Exp. 12. 22nd January, 1897. Fatrauction with glycerin. Rabbit killed 
at 1. 10. 

Liver divided into: —4 30 grm. 30 grm. 

A at once pounded with clean sand and rubbed up with alcohol. 

B plunged in paraffin at 52° C. and kept at 38° C. for 1 hour to allow time 
for the development of a possible zymin, then treated as A. 

Both were left in absolute alcohol till the 25th. The alcohol was then 
poured off and the residue dried at the low temperature, powdered and 
extracted with glycerin, till the 26th February. 

On March 4th, 10c.c. of the glycerin extract of each was added to 15 b. o. 
of the watery extract of a liver rich in glycogen, and kept in the incubator for 
20 hours. 


Glycogen by Briicke’s method.. 
Glycogen of 15¢.c. of watery extract of liver 114 grm. 
Glycogen in A 114 grm. 
Glycogen in B ‘115 grm. | 


That the absence of amylolysis is not due to any inhibitory 
influence upon the process exercised by glycerin, as has been sug- 
gested by Ransom’, is shown by the following experiment, where 
the presence of 5% and 20% of glycerin were without influence 
on the rate of amylolysis. 


Exp. 13. Rabbit killed at 11.45. 


A 75 grm. liver in boiling water at 11.50. 

B 11-5 grm. in 78 / NaCl in incubator at 11.50. 
C 107% grm. in 20% glycerin at 11.50. 

D 11°7 grm. in 5% glycerin at 11.50. 


Removed from incubator at 3.30 (4 hours). 


Glycogen by Briicke’s method. 
A 3132419. B 329 = 2-84. 
C -296 = 2-76. D ‘331 =2°83. 


Exp. 14. Zetraction with water. Action of Saliva. 


Liver of rabbit killed on February 25th, 1897, and pounded in absolute 
alcohol. On March 4th it was rubbed up with water and the watery extract 
filtered off. 


1 This Journal, n. p. 99. 1887. 
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A To 30c.c. of glycogen solution 40c.c. of liver extract was added and 
the mixture at once boiled. 

B A similar mixture was incubated at 38° C. for 3 hours. 

C A similar mixture was incubated at 38° C. for 8 hours. 

D 30 Q. of glycogen solution was mixed with about 5c.c. of dilute saliva 
and kept in incubator for 1 hour. At the end of this period all glycogen had 
disappeared. 

A = 434 grm. glycogen. 
B = 429 grm. 9 
C=467 grfm. „, 


Exp. 15. Extraction with 75% NaCl; Influence of liver substance 
extracted: Influence of saliva, and dried pancreas of pig. 

The liver of a rabbit just killed was boiled, pounded in a mortar and again 
extracted. The watery extract was filtered. 

A 30c.c. for glycogen. 

B 30cc. + 40c.c. NaCl. extract of liver of 22. 

C30 c. c. + residue of liver of 22 after extraction, with NaCl solution. 

D 30 0.0. + about 5 c.c, dilute saliva. | 

E 30c.c. + about 2 grm. of pancreas of pig prepared by treatment of 
24 hours with alcohol and then drying. 

B, C, Dand were placed in incubator for nearly 3 hours. At the end of 
this time D and Z gave no iodine reaction, and reduced Fehling’s solution, 
but did not reduce Barfoed’s reagent. 

Glycogen of A, B and C determined by Briicke’s method. 


A = 095. B= 073. C = 086. 


Exp. 16. 3rd March, 1897. Fatraction with NaCl and water. 

Of the liver used in last experiment (4) 17-4 grm. were at once pounded in 
methylated spirit at 12.40. 

The alcohol was filtered off on the 5th, and the residue dried and 
powdered. On 9th, it was rubbed up in a mortar and salt and water 
added. It was allowed to stand for half-an-hour and then filtered. 

The filtrate was straw yellow in colour and, when boiled, gave a 
precipitate of coagulable proteids. 

On the 10th, a solution of purified glycogen was divided into two portions. 

A 30c.c, precipitated for glycogen. 
B 30 0.0. + extract of liver 10 c.c. 
B in incubator for 4 hours. 
Glycogen by Brucke's method in B. 


A = 133. 3 111. 
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My observations thus confirm the results of previous in- 
vestigators, that no active amylolytic zymin can be obtained 
from the liver after death. 

I contend that if the active agent were a zymin it could be 
separated, like other zymins, and I hold that we must look to some 
other cause than a zymin to account for the amylolysis. I have 
already shown’ that the change is not brought about by the action 
of an acid or by micro-organisms and I therefore look to the katabolism 
of the liver protoplasm to explain the change. 

Some additional proof of the activity of the liver tissue is afforded 
by the following experiments. 


(d) Presence of Liver Tissue of importance in Amylolysis 


Exp. 17. 24th November, 1896. Rabbit killed at 12.50. Liver rapidly 
cut into slips, and frozen on a clean sheet of galvanized iron, then powdered in 
an ice-cold mortar in ‘75 NaCl near the freezing point, passed through muslin 
and filtered through Chamberland’s filter at 0°C. under pressure. 60 c. e. 
filtered and kept in ice safe all night. On 25th, divided into two equal 
portions, A at once boiled, B kept in incubator for 4 hours. 

Glycogen by Brucke's method. 

A= 018. B = 022. 

With the small quantity of glycogen present closer correspondence in 
the weighings was not to be expected. 

Some of the frozen liver which had not been pounded was, on the 24th, 
divided into: 

A 453 grm. in boiling water. 
B 8:1 grm. in incubator in -75°/, NaCl for 4 hours. 
A 0318 = 7°39 °/, glycogen. 
3 0474=585"),_ „. 
Loss of 20% of glycogen. 


Exp. 18. Rabbit killed at 12.45. 


A S grm. liver in boiling water at 12.50. 
B 14grm. minced and placed in 75% NaCl in incubator till 4.45 
31 hours). 
C 24grm. pounded in mortar mixed with 75% NaCl and strained 
through well washed calico. Filtrate divided into: 
Ci 55 grm. boiled at 1. 
QO, 68 grm. in incubator till 4.45 (31 hours). 


1 Phil. Trans., Loc. cit. 
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Glycogen in each by Briicke’s method. 


A = +270 = 3°37". B = 335 = 2˙32 %, 
Loss of 31°/,. 
= = 2°92°),. C, = "190 = 2°72 15 
Loss of 7 % 


Exr. 19. Rabbit killed at 11.57. 

A =8 grm. liver in boiling water. 

B = 8:1 grm. minced and placed in -75°/, NaCl at 12.7 in incubator till 4 
(4 hours). 

C pounded in mortar, mixed with 75% NaCl strained through clean 
calico. Filtrate 140 ¢.c. divided into two equal parts :— 


C, boiled at 12.7. 
O, in incubator till 4 (4 hours). 
Glycogen by Briicke’s method. 
A = ‘295 = 363°. B = 132 = 1°63°/,. 
Loss of 55°/,. 
C; = 225. C, = 174. 
Loss of 29 %.. 


It may be urged that these experiments do not disprove that the 
action is due to a zymin held in the cell protoplasm in the same 
manner as the zymin of the micrococcus ure is held. 

But against the existence of such an intracellular zymin must be 
set the other evidence previously adduced by me, and especially the 
action upon the process of borate and of fluoride of sodium. 


(e Evidence from action of Borate and Fluoride of Sodium. 


Dastre’ gives experiments which show that the addition of a solution 
of borate of soda 1 in 10 to the liver prevents amylolysis, and he uses 
this as an argument as the view I have supported as to the nature of 
the process. 

In my previous paper I gave two experiments with fluoride of 
sodium, and I have repeated these experiments with additional 
precautions with results confirmatory of those previously obtained. 


Exp. 20. Rabbit killed at 12.15. 


A 5:2 grm. liver in boiling water at 12.16. 
B 15-6 grm. in 100 .c. 1% fluoride of sodium in incubator till 12.14. 


1 Arch, de Physiol. 1880, p. 84. 
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C 13-7 grm. in 75% NaCl in incubator till 12.14. 

D 142 grm. in 100 0.0. 1°/, fluoride of sodium in incubator till 12.14. 
E 146 grm. in 75% NaCl in incubator till 12.14. 

B and C kept in incubator till 1.15 (1 hour). 

D and £ kept in incubator till 9.15 (9 hours). 


Glycogen by Briicke’s method. 
A= 342 = 6°57 /. 
B= 1-062 less 14 ash = 922 = 5-90°/,. 
C= 862 4.83%, 
D= 829 less 14 ash = 689 = 485 %,. 
E= 530 3°63 


Exp. 21. Rabbit killed at 12.12. 


A 8-5 grm. liver in boiling water at 12.15. 
B 140 grm. in 1% fluoride of sodium. 
C 14-0 grm. in 75% NaCl, 
D 9%} grm. in 1% fluoride of sodium. 
E 9-0 grm. in 75% NaCl. 
B and C in incubator till 3.40 (3} hours). 
D and £ in incubator till 9.10 (9 hours). 


Glycogen by Briicke’s method. 
A Wt. of Ash less Ash Glycogen % 
A= 487 — — 573 
B= 698 079 619 4°42 
C = 556 030 526 375 
D = 350 106 244 2˙56 
22 197 031 166 184 


In this connection it is of interest that the amylolytic changes in 
the liver of the dog treated with alcohol are also retarded by a 1% 
fluoride of sodium solution. 


Exp. 22. Of the liver powder of the dog used in experiment 9 four 
portions each of 5 grm. were weighed. A solution of pure glycogen was 
prepared and divided into four portions each of 20c.c. A portion of liver was 
mixed with each 20 0.0. of the solution. 


A was at once boiled. 

B had added to it 20c.c. of 75 / NaCl solution. 

C had added to it 20 C0. of 75 / NaOl solution and some chloroform 
D had added to it 20c.c. of 2% solution of fluoride of sodium. 
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B. O and D were kept in incubator for 4 hours, then boiled. 
Glycogen by Briicke’s method. 


Residue on paper Ash Glycogen 
A=0°081 0-003 0-077 
B=0°027 0-004 0-023 
C =0°029 0-002 0-027 
D=0°108 0°031 0077 


Such an observation is opposed to the view that the change pro- 
duced by liver tissue treated with alcohol is due to a zymin, since these, 
so far as we know, have their activity uninfluenced by this substance. 

I have here simply dealt with the evidence upon the question 
afforded by my own experiments. But the interesting results obtained 
by the brothers Cavazzani' on the influence of stimulation of the 
coeliac plexus on the conversion of glycogen, and the discovery that 
this stimulation is accompanied by marked changes in the liver cells’, 
appear to me strongly to support the idea that the conversion is due 
to the action of cell protoplasm, rather than to the development of 
this hypothetical zymin. 

The whole weight of evidence seems to be against the 
view that an active amylolytic zymin develops in the liver 
immediately after death, while no material argument has 
been adduced in opposition to the view that the conversion 
of glycogen to glucose is simply due to katabolic changes in 
the liver substance. 

In this connection, the view of Arthus“ on the essential nature 
and mode of action of enzymes is of interest. He says, “ We 
propose then to consider the enzymes not as material substances 
but as properties of material substances.” In fact, he regards the 
enzyme action as due to certain modes of motion in matter, and the 
acceptance of such a view assists in the comprehension of the simi- 
larity in the action of soluble zymins - in the katabolic changes 
in 


1 Ann. d. Chemica e Farmac., March, 1894. 
2 Pfliiger’s Arch. 1894. 
Nature des Enzymes, Paris 1896, Jouve. 
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THE PHOTOMETRY OF COLOURED PAPER. By 
W. H. R. RIVERS, M.D. 


(From the Physiological Laboratory, Cambridge.) 


Section I. Band Photometry. 

„ II. Flicker Photometry. 
„ III. Pupil Photometry. 

IV. Comparison of the three methods. 
„ V. Comparison with other methods. 


I. “Band” Photometry. 

THE first method of colour photometry brought forward in this paper is 
based on a phenomenon which was first described by Jastrow’. If a 
dise made up of coloured sectors is rotated so as to produce mixture in 
the ordinary way and a fine rod passed rapidly in front of the rotating 
disc, the rod will be seen to have following it a series of coloured bands 
corresponding to the colours of the sectors“. If the sectors are coloured 
and grey respectively, similar bands occur, the grey bands being 
coloured by contrast. It is possible however to find for any given 
colour a grey which gives no bands, whatever the relative breadth of 
the sectors (a factor of importance in producing the phenomenon). The 
problem investigated was to find the grey paper which gave no bands 
with each of a series of coloured papers, and to compare the results so 
obtained with those derived from other methods of heterochromic 
photometry. The method can only be applied when colours are mixed 
by means of retinal persistence and is consequently limited in its 
application to pigment colours. 

The colours used were those of the ten papers sold by Rothe. 
They have been used by Hering, Schenck and others in similar work 
and have therefore the great advantage that comparison is possible 
with the results of other observers, The grey papers used were also 


American Journ. of Psychology, tv. p. 201. 1891. 
* The “band” method was demonstrated before the Physiological Society on 
Nov. 14th, 1896. 
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obtained from Rothe. They formed a series of 22, and the figures 
given in the first three tables refer to these papers numbered, no. 1 
being the lightest, and no. 22 the darkest. Unfortunately they did not 
form a uniformly graduated series, and it was not possible with these 
papers to find a grey which gave no bands with several of the coloured 
papers, and one had to be content with the grey with which the bands 
were least distinct. All the observations were made by morning 
sunlight with the eyes adapted to brightness. The distinctness of the 
bands varies to some extent with the brightness of the day, but the 
results of different days were found to agree with one another, and the 
limits of brightness of illumination did not seem to be far enough apart 
to lead to any appreciable influence from the Purkinje phenomenon. 
The observations recorded by this and by the following methods were 
made by Mr O. F. F. Grünbaum and myself. The results of the 
“band” method are shown in Table I, the figures referring t to the 
numbers of the papers. 


TABLE I. Band method. 


g Red Orange Yellow oe Green — Blue Indigo Violet Purple 
Rivers 16 12 8 10 89 11—12 18—14 19—20 19 17 
Grünbaum 15 12 3 10 9 11 18 19 19 17 


One point of interest may be mentioned since it gives evidence of 
the accuracy of the method. The earlier observations were made with 
a larger series of 30 grey papers, and it was found that several colours 
gave no bands or equally indistinct bands with two or more of this 
series, thus Griinbaum matched red with 18, 19 and 20 of the original 
series, orange with 14 and 15. On determining their white values it 
was found that several of the original series were of equal brightness, 
including 14 and 15, while 18, 19 and 20 differed from one another 
very slightly. 

With feeble illumination the bands are very indistinct; and it is so 
difficult to make satisfactory observations that it does not seem possible 


to employ this method for the investigation of Purkinje’s phenomenon. 


II. Flicker Photometry. | 

The results obtained by the “band” method were found to differ 
considerably from those which Schenck obtained by means of flicker *. 

Schenck modified Rood’s method by dividing one half of a 88 


1 Pfiiger’s Arch, uxtv. § 607. 1896. 
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disc into six sectors, each of which was again divided into a black and 
white part. The proportions of the black and white were so arranged 
that the disc on rotating would show a series of greys diminishing 
to brightness from centre to periphery of the disc. The other half of 
the disc was covered with the coloured paper of which the brightness 
was to be determined. The disc was observed through an aperture, 
and the zone of the disc found in which flicker disappeared. In some 
preliminary experiments Schenck found considerable discrepancy 
between the values of grey papers as determined by this method and 
their actual brightness. It seems probable that the differences depend 
upon the influence of the factor recently described by Sherrington’ 
and Grünbaum“, viz. the influence of contrast when black and white 
are simultaneously presented to the eye, and in favour of this suggestion 
is the fact that Schenck found the discrepancy considerably less when 
the disc was observed through a smaller aperture. 

For the purposes of the investigation it was necessary to determine 
the point of cessation of flicker for the same coloured and grey discs 
as were used in the “band” method. In the method employed a disc 
with 4 open sectors was rotated by means of an electromotor before 
the coloured or grey paper, which was observed through a tube having 
a constant circular aperture of 17 cm. diameter at 19 cm. from the eye. 
In a preliminary series the number of interruptions per second at which 
flicker disappeared was determined for each coloured paper, and the 
grey paper then found with which flicker disappeared at the same rate. 
The observations were made by daylight so as to be comparable with 
those of the “band” method, and it was found that the variations in 
the intensity of the light within a few minutes were sufficient to make 
this method impracticable. A method was then adopted which gave 
very satisfactory results. The coloured and grey discs were exposed 
simultaneously interleaved as when being rotated, so that the line 
between them divided the circular field seen through the aperture into 
two equal halves, one coloured and the other grey. The sectors were 
then rotated at such a rate that there was a just perceptible flicker in 
the coloured half of the field and various grey papers tried in the other 
half till one was found which showed an amount of flicker equal to that 
in the coloured paper. The rotating sectors were covered in front by a 
screen. This was rendered necessary by the fact that without it on 
rotation of the sectors there ete eee 


? This Journal, XXI. p. 88. 1897. 
® This Journal, XXI. p. 396. 1897. 
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the observed disc which might easily be mistaken for flicker. It had 
the further advantage that the observer only saw the small circular 
field and did not know which grey was being used, so that the results 
obtained could not be in any way influenced by previous knowledge 
derived from the “band” method. The results obtained are given 
in Table II. and show a very close agreement between the two 
observers and also with those of the “band” method. The difference 
between the two methods is most marked in the red and will be 
referred to again later. 


TABLE Il. Flicker method, 


Red Orange Yue ee Green — Blue Indigo Violet Purple 
Rivers 13—14 8 3 9 9 11 14 19 —20 19 16 
Grünbaum 14 7 3 8 79 11 14 19—20 19 16 


III. Pupil Photometry. 

Another method employed for comparison with the “ band” method 
was that described by Gorham‘ and Sachs“. The principle of this 
method is the dependence of the degree of contraction of the pupil on 
the intensity of the light stimulating the eye. Sachs suggested it as 
a method of heterochromic photometry but did not carry out any 
investigations from this point of view, his papers being devoted to the. 
relation of the pupil contraction or “motor value” of a light to 
Hering’s “ white value” of the light. In this method the size of the 
pupil is observed entoptically, and for this purpose I used Gorham’s 
pupillometer. Three variations of the method were tried. In the first 
the pupillometer before one eye was directed towards the coloured 
paper for which various grey papers were substituted; a grey lighter 
than the colour would cause contraction and consequent separation 
of the diffusion circles seen in the pupillometer; a darker grey would 
cause dilatation and overlapping of the circles; while a grey of the 
same brightness produced no perceptible change. By this method a 
very small amount of light reaches the eye and the changes were 
consequently very slight and the results obtained indefinite, but so far 
as investigated they showed a fair agreement with the other two 
variations of the method. 

In the second method, which was that employed by Sachs, 
advantage is taken of the consensual pupil reaction, One eye (left) 


1 Proc. Roy. Soc. 1884, XXVII. p. 425. 
® Phliiger’s Arch, In. § 79. 1892; and Arch. f. Ophth. xxxrx. Abt. 8, § 108. 1898, 
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looked through a tube at the coloured surface, while the right eye 
with the pupillometer was directed towards a uniform grey surface. 
When the field of the left eye changed in brightness, the pupil of the 
right eye was observed to contract or dilate, and as in the first method 
various grey papers were placed before the coloured paper till one was 
found which caused neither contraction nor dilatation. 

The third method was a combination of the first and second, both 
the left eye through the tube and the right with the pupillometer 
being directed towards the coloured surface, so that advantage was 
taken both of the consensual and the direct reactions. 

The chief practical difficulty of these methods is the contraction of 
the pupil on accommodation. There seems to be a tendency for a 
momentary accommodation change to take place when any change is 
made in the visual field and this tendency has to be overcome, as 
otherwise contraction of the pupil may occur with change from light 
to dark as well as with change from dark to light. Secondly, if there 
is accurate accommodation for the surface this will change on going 
from one colour to another, or from a coloured to a grey surface. To 
overcome this difficulty the coloured surface was placed beyond the 
far-point (both observers being myopic). It was found that the two 
observers differed as to the method with which they obtained the most 
satisfactory results. Grünbaum worked best with the second method, 
and ascribed his difficulty with the third method to his tendeney to 
vary his accommodation when the colour of the diffusion circles changed. 
I obtained more satisfactory results with the third method, and this 

may be due to the fact that I am accustomed to make observations 
without altering my accommodation as is often necessary in ophthalmo- 
scopic work and in experiments on binocular vision. 

The results are given in Table III.; as in the flicker method the 
observer did not know which grey paper was being used, so that the 
results cannot have been prejudiced by previous knowledge. 


TABLE I. Pupil method. 


Yellow Blue 
Red Orange Yellow green Green green Blue Indigo Violet Purple 
Rivers 16—17 14 78 11 89 10 18—14 16-18 18—19 i18—19 
Grinbaum 18 14 7 12 91 8 18 15—17 16 17 


The agreement between the two observers is not so close as with 
the other methods, but is still close enough to show that this method is 
capable of giving consistent results, except perhaps with the darker 
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colours, as indigo and violet. The observations made with these colours 
were noted as difficult and indefinite. It may be mentioned that 
contraction of the pupil took place more rapidly than dilatation and 
was consequently more easily observed. 


IV. Comparison of the three methods. 


In order to compare the three methods more exactly with each 
other and with those of other observers, the white values of the grey 
papers were determined by matching them with a mixture of white 
and black on the rotating colour-mixer. This was rendered somewhat 
difficult by the fact that the grey papers used had a distinct bluish 
tinge. Consequently two methods were adopted. In one ten matches 
were made with each grey. The average of the ten was adopted, the 
mean variation being fourd in order to test accuracy. These results 
were controlled in a certain number of cases by the second method, 
in which a small blue sector was added to the mixture of black and 
white so that an exact match became possible. The white value was 
then calculated by substituting for the blue an equal sector of the 
grey which had been found to be of the same brightness as the blue. 
It was found that the results obtained by the two methods agreed 
closely. In both methods a further correction had to be made to allow 
for the light reflected from the black sector. Hering has found that 
Rothe’s black paper reflects h th of the light reflected from his white 


paper and this figure was made the basis of the correction. 


TABLE IV. Comparison of three methods. 


Method Bands Flicker Pupil 
Observer R. G. R. G. R. G. 
Red 40°7 47 78 ˙5 69°2 36 28 ˙4 
115 115 144 179 69°2 69°2 
Yellow 235 235 161°5 179 
Yellow Green 132°2 182°2 189 144 119 115 
141% 189 139 159 141°5 
Blue Green 117 115 119 119 132 144 
78°5 87°8 69°2 69°2 78°5 87°8 
Indigo 23 26 23 81°38 40°7 
Violet 26 28°4 26 26 27 2 40°7 
Purple 813 318 407 407 272 


In Table IV. the three foregoing tables have been put together and 
the white values of the grey papers substituted for their numbers. In 
cases when a coloured paper was put between two grey papers the 
mean of their white values has been taken. It will be seen that the 
results of the three methods show a very close agreement. The exact 
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correspondence in many cases depends on the limited number of grey 
papers, and would doubtless be less close if a larger series were 
available. 

This agreement is especially marked between the band and flicker 
method and for medium and short wave-length colours. The most 
marked discrepancy between the band and flicker methods was in the 
case of red, and that this is not accidental is shown not only by the fact 
that it occurred for both observers, but also by the fact that the 
discrepancy existed in the case of orange and purple, the difference 
being in both cases in the same direction, though of less amount. Red 
appears to be a brighter colour by the flicker than by the band method. 
The only explanation which can be suggested for this is that in the 
former method the retinal area stimulated was more limited and was 
confined to the macular region, while in the band method no aperture 
was used and a much larger area of the retina stimulated. It is 
consistent with the peculiarities of macular and foveal vision that red 
should be a relatively bright colour for this region of the retina. 

The figure obtained by the pupil method showed greater differences. 
Here the change was most marked for the long-wave colours; red, 
orange, yellow and yellow green were darker colours than by the other 
two methods, while blue green, blue, indigo and violet were slightly 
brighter. The deviations were approximately the same for the two 
observers, and it seems probable that they were due to the influence 
of the Purkinje phenomenon. In the pupil method the eyes were 
protected from the light to a much greater extent than in the other 
methods and would consequently become adapted to a feebler illumina- 
tion. The relative darkening of the long-wave and brightening of the 
short-wave colours are the changes to be expected from this cause. 


v. Yomparison with the results obtained by other methods. 


Several other investigations of the relative brightness of different 
colours have been carried out with Rothe’s coloured papers and the 
results are given in Table V. In the first column are the flicker results 
obtained by Schenck. The most marked deviation from the results 
previously given is in the great brightness which he found for yellow. 
It seems probable as already stated that the difference may be referable 
to the special feature of his method, viz. that the grey he used was 
itself produced by intermittent stimulation, and that its brightness 
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would be influenced by the contrast effect the importance of which has 
been shown by Sherrington and Grünbaum. 

In column II. are given the results obtained by Martius“ with 
his after-image method. In this method the brightness of a coloured 
surface is determined by finding the grey patch which when placed 
upon the surface becomes neither lighter nor darker on fixation. The 
method is very easily applicable but requires much practice for exact 
observations. The results obtained by Martius differ considerably from 
those obtained by three methods of this paper and also from those 
obtained by Schenck, but there does not seem to be any obvious 
explanation of this difference. 


TABLE V. 
Method Flicker Afterimage Direct comparison White value 

Observer Schenck Martius Hering Hering 
Red 45°8 75 749 46 11°4 
127°3 140 135 °5 159 42°4 
Yellow 816°7 215 220°1 283 140-2 
Yellow Green 119°2 125 128°7 205 230°5 
105 167°9 187 155°5 
Blue Green 116°5 110 125°9 89 118˙7 

Blue 111°6 40 122°8 
Indigo 12? 15 242 34 92°8 
Violet 1272 15 202 82 52°7 
Purple 28°7 50 86°7 40 18°8 


The next two columns give the figures obtained by Schenck and 
Hering by the simple method of direct comparison. Schenck’s 
figures were given ia his paper on the flicker method (p. 618), and some, 
viz. those for yellow, indigo, violet and purple, differ considerably from 
those obtained by him with this method. On the whole they agree 
with my results by the flicker method, the most marked exception 
being blue. Hering's figures are given in his paper on total colour 
blindness*. They differ considerably both from Schenck’s figures 
and my own. The last column gives the white values of the colours as 


1 Beitriige zur Psychologie u. Philosophie, I. p. 95. 1896. . 

® Schenck’s co-observer, Pabst, obtained even lower values for indigo and violet, 
viz, 7°2 and 6-6, while by a modified flicker method Schenck matched indigo with a 
grey containing only 8° of white. In a paper published since the above was written 
(Pfliiger’s Arch. uxvi. p. 48, 1897) Schenck has suggested that the discrepancies 
found by him between the methods of flicker and direct comparison might be due to the 
difference in the size of the retinal area stimulated in the two cases, and in further 
experiments he found that the indigo paper was matched with a brighter grey by the 
flicker method when the stimulated area was larger; with the red paper he found no 

Pfliiger’s Arch. 586, 1891. 
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seen by the case of total colour blindness and differ fundamentally from 
all those obtained by the other methods, the brightest colour being the 
yellowish-green, and the results given in this paper confirm Schenck, 
in showing that the various methods of colour photometry measure 
something different from Hering’s white value. 

As regards the right of these methods to be called photometric, 
one is only justified in saying that in all of them the same attribute of 
sensation is being measured, and that from the approximate agreement 
with the results of direct comparison it is most probable that this 
attribute is the brightness of the colour. Of the three methods 
especially brought forward in this paper the band and flicker methods 
depend on the same principle, viz. the dependence of retinal persistance 
on intensity. The band method is unfortunately not applicable to 
spectral colours, but in simplicity and accuracy it is fully equal to the 
flicker method. The pupil method requires much more practice than 
either of the other methods, but the figures given show that it is 
possible to obtain with it consistent results. 

The nature of the “band” phenomenon is somewhat obscure and 
will be considered in a later paper. The result of this investigation 
shows that one of the chief factors upon which it depends is intensity. 
It seems probable that it does not depend on wave-length. If not, 
two colours found to be of the same intensity should not give bands. 
Among the colours used, there were none which gave no bands, but 
there were probably none which would have given no bands with the 
same grey if one had had a larger series. Colours such as orange and 
blue green, which differ greatly in wave-length and slightly in intensity, 
gave much less distinct bands than colours such as yellow and blue, 
which differ greatly in brightness. 


In conclusion, I should like to express my indebtedness to Mr 
O. F. F. Grünbaum for his observations and for other help, especially 
in connection with the flicker method. 
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THE FORMATION OF URIC ACID IN MAN, AND THE 
INFLUENCE OF DIET ON ITS DAILY OUTPUT. 
By WILLIAM J. SMITH JEROME, MB. (Lond.) 


(From the Medical Department, Oxford.) 


THE old view that uric acid is due to an arrest in that process of the 
oxidation of albuminous matter, which, when completed, goes on to 
the formation of urea, has been gradually replaced by one which 
regards the uric acid as derived from a special source, viz., from true 
nuclein, as distinguished from pseudo-nuclein (Hammarsten), or para- 
nuclein (Kossel). This nuclein, itself a constituent of nucleo-albumin, 
admits of being split into albumin and nucleinic acid; the latter can 
be further decomposed into xanthin-bases and thyminie acid, the 
union between these being that, not of a salt, but of a conjugate 
acid. Nuclein again is not a uniform substance, but includes varieties, 
the bases yielded by its splitting differing, both quantitatively and 
qualitatively, according to the source from which the nuclein is derived. 
As the xanthin-bases, as well as uric acid, all contain an alloxan- 
group and a urea-group, united in a definite manner, Kossel' and 
Kruger have suggested the term alloxur—in 
Ps 22 place of xanthin. The alloxur-bases include, 
co —N.___ therefore, hypoxanthin, xanthin, adenin, guanin, 
methyl-adenin, dimethyl-hypoxanthin, hetero- 
xanthin, paraxanthin, theobromin, theophyllin, 
caffein, carnin, and some less well known ones; 
while the alloxur- bodies comprise these bases plus uric acid. Each 
of the bases contains less oxygen than uric acid, and, according to 
the modern theory, they, or rather an antecedent common to them 
and to uric acid, yield this body through being oxidized in the system. 
In the laboratory uric acid has never been obtained by oxidation of 
the alloxur-bases, nor has anyone yet succeeded in producing the 
latter by the artificial reduction of uric acid. 


 Leitsch. f. physiol. Chem. xx. p. 176. 1895. 
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The present theory is of some years’ standing, as the following 
facts connected with its history show: in 1869, a proteid, which had 
been extracted from pus corpuscles, was described, under the name 
of nuclein, by Miescher', to whom the discovery of the substance has 
been generally and justly attributed ; but the body itself was evidently 
got by Braconnot“ from the lees of wine, as early as 1831. He 
recognized its albuminous nature, and also its acid properties, but, 
failing to make an analysis, overlooked the presence in it of phosphoric 
acid. He believed it, indeed, to be ‘casein with a small admixture of 
tannin. In 1852 Frerichs“, as Miescher“ himself has pointed out, 
obtained, from the semen of carp and rabbits, a substance which is 
manifestly identical with nuclein. He also noticed- that the carp’s 
semen, after extraction with ether, left, on being burnt, a residue 
which was acid from the presence of phosphoric acid. In 1879 
Kossel* showed that Miescher’s nuclein contains a group capable 
of yielding the alloxur-bases; and on the ground of this discovery 
suggested, in the following year, that nuclein would prove to be the 
source of the uric acid in man. It was Horbaczewski', however, 
who supplied, in 1889, the first experimental evidence telling directly 
in favour of this view. 

It would seem an easy matter to prove or disprove the theory, 
at once and definitively, by giving the alloxur-bases, nuclein, or a 
nuclein-holding substance, with the food or subcutaneously, and 
estimating the uric acid before, during, and after the experiment, in 
the urine of man, or some animal, in a state of equilibrium in respect 
of the nitrogen taken in and eliminated. Such experiments, however, 
like so many others connected with uric acid, have led sometimes to 
negative and sometimes to directly opposite results. Thus, xanthin, 
hypoxanthin and guanin, administered to dogs and rabbits by 
Baginsky‘, Jaffé“, Kerner’, Kruger“ and Salomon, and Nencki” 


1 Med. Chem. Untersuch. Hoppe-Seyler, p. 441. ’ 

2 Annales de Chimie, II. sér. 2, p. 59. 

3 Verhandl. d. Naturforsch, Gesell. zu Basel, vi. p. 138. 

* Zeitech. f. physiol. Chem. I. p. 284. 1879; Ibid. rv. p. 290. 1884. 

5 Monatsh. f. Chem. p. 624. 1889. 

® Zeitech. f. physiol. Chem. vim. p. 895. 1883—4. 

7 Arch. f. exp. Path. u. Phar. xxtv. p. 389. 1888; Die Natur u. Behandl. von Gicht, 
Ebstein. 

Annal. d. Chem. u. Phar. — tv. p. 249. 1857. 

® Zeitech. f. physiol. Chem. XXI. p. 169. 1896. 

© Pflüger Arch. XXXI. p. 319. 1888. 
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and Sieber, either could not be traced or were oxidized to urea; while 
hypoxanthin, in the fowl, was found by v. Mach! to be converted, to the 
extent of 60 to 70 % into uric acid. In experiments with nucleinic 
acid, nuclein-containing substances, and nuclein itself, a distinct want 
of agreement is to be observed, Gumlich“ and Stadthagen“ having 
contributed negative, and Brandenburg“ Horbaczewski“, Hess“ 
and Schmoll, Richter“, Rosenfeld“ and Orgler, Strauss“, and 
Weintraud”, positive results. Calf s thymus, given twice by Umber", 
caused an increase of the uric acid on one occasion only. In connection 
with these discrepancies it must be remembered that, in addition to 
other disturbing causes, and apart from the question of retention, the 
formation of uric acid and its excretion do not run parallel; also that 
the extent of such want of parallelism cannot in any given case be 
determined. Under these circumstances it becomes important to 
extend an experiment on the subject over as long a period as possible. 
The positive results of the authors just named are so convincing, 
as to a connection between nuclein, or some alloxur-holding molecule, 
and uric acid, as to make it scarcely worth while to add to them; 
but the confirmatory evidence of the experiment about to be described 
is, perhaps, not without value, because of the unusually lengthened 
period over which the experiment was continued. It is also interesting 
through having been made on one (myself), who, during several years, 
has suffered, at intervals, from affections of the muscles and joints 
which have been attributed to gout. Further, though a relationship 
between uric acid and nuclein can no longer be considered doubtful, 
it cannot be said that the relation of the diet to the variations in 
the daily excretion of the former has been fully established. The 
elimination of a larger amount of uric acid under a meat diet than 
with one of vegetables and carhohydrates has been insisted on by a 
number of experimenters from Bunge” to Rosenfeld“ and Orgler™. 


1 Arch. f. exp. Path. u. Phar. Xxxv. p. 819. 1883. 

Heitsch. f. physiol. Chem, XVIII. p. 508. 1898. 

3 Virch. Arch, x. p. 890. 1887. * Berl. klin. Woch. p. 187. 1896. 
5 Monatsh. f. Chem, p. 221. 1891. | 
® Arch. f. exp. Path. u. Phar. xxxvm. p. 248. 1896. 

7 Zeitech. f. Klin. Med. II. p. 291. 1895. 


® Centr. f. in. Med. p. 42. 1896. ® Berl. klin. Woch. p. 710. 1896. 
1° Berl. klin. Woch. p. 406. 1895. n Zeitech. f. Klin. Med. 174, 1896. 
* Lehrb. d. Phys. u. path, Chem, p. 291. 1887. 1 loc. eit. 


„ Bence Jones, in 1849 (Phil, Trans. p. 796), found “no decided difference between 
vegetable and animal food, either as to the increase or diminution of the amount of uric 
acid in the urine.” Lehmann, in 1858 (Lehrb. d. phys. Chem. 1. p. 179. Auf. 2.), 
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The two latter, like Meissner! and Koch, also observed a rise of uric 
acid after adding fat and sugar to the diet, while Herrmann’ and 
Horbaczewski’ and Canera did not. Rosenfeld and Orgler found, 
too, an increase of uric acid after the ingestion of calf's liver, but less 
distinctly, if at all, when brain and kidney had been eaten. Markow‘, 
unlike Kusmanoff*, saw the uric acid lowered by a milk diet, and 
this result has been confirmed by Lacquer‘, and by Umber’. An 
increase of uric acid has been shown by Strauss“ to follow the use of 
extract of meat. The same has been observed after tea and coffee 
by Hess“ and Schmoll. These authors have also clearly expressed 
their belief that the daily fluctuations in the amount of uric acid in 
the urine will be found to be due to differences in the quantity of 
nuclein contained in the food; the general opinion, however, has been 
that such variations are dependent on some other and at present 
undiscovered cause. 

It should be mentioned that the determination of the relationship 
of the food to the excretion of uric acid was not the only, nor even 
the chief, purpose for which the experiment about to be described 
was undertaken. This will explain, and must be pleaded as an excuse 
for, the want of due proportion between its several parts, which 
otherwise would have been curtailed somewhat in one direction, and 
lengthened in others. This defect, however, does not lessen the value 
of the conclusions to which the experiment leads. 

The point first sought for was the range of variation in the uric 
acid excretion, under fairly uniform conditions as to diet, exercise, and 
general habits of life. This part of the experiment extended from 
August 2 to December 23, during which period the uric acid was 
estimated 87 times; and, as on 19 occasions the urine was that of 
2 days mixed together, and once that of 3 days, the uric acid output 


believed the influence of the kind of food on the uric acid excretion to be but slight ; and 
H. Ranke (Beobacht. u. Versuch. v. d. Aussch. d. Harm. b. Mensch.), in 1858, expressed 
a similar opinion. The figures, however, are: Veg. diet, gr. 1.0, animal do. gr. 1.4 
(Lehmann); Veg. gr. 0.650, animal gr. 0.880 (Ranke). Unfortunately the earlier 
experiments on this subject, in which the uric acid was determined by Heintz’s method, 
are of little value. 

1 Zeitsck. f. rat. Med. R. 8, xxtv. p. 97. 1865. 

2 D. Arch. J. Min. Med. XIII. p. 278. 1888. 

Mien. Sitzungsber. 1886. 

* Maly’s Jahresber. p. 296. 1888. 

® Inaug. Dissert., Dorpat, 1884. | 

Ferhandl. d. 14 Congr. f. in. Med. 1896. loc. cit. 

8 Berl. klin. Woch. p. 710. 1896. ® loc. cit. 
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has been ascertained for 107 days. On the intervening days the 
same diet and mode of life were adhered to, but the claims of other 
work connected with the experiment made it impossible to estimate 
the uric acid. | 

Diet. During the week, breakfast was taken at 8.30 a.m., lunch at 
1.30 p.m., a cup of milk at 4.30 p.m., dinner at 7.30 p.m., and a glass of 
hot water at 9.30 p.m. 

Breakfast consisted of 2 eggs, bread and butter, porridge, malz-caffee 
(a German substitute for coffee), with a little milk, and saccharin in 
place of sugar. 

Dinner, with very few exceptions (for which see Table L), included 
mutton, poultry or game, bread, Frénch beans or Brussels sprouts 


(the former till October 12, and the latter afterwards), a milk pudding 


(rice, custard, or bread and butter) with very little sugar, 2 apples, and 
2 dessert-spoonsful of whisky with aerated water. For about a fortnight 
a pint of champagne was taken instead of whisky. 

Lunch comprised fish, bread and butter, 2 apples, and one dessert- 
spoonful of whisky with water. 

On Sundays, the chief meal was at 2 p.m., and corresponded with 
the dinner of other days, while soup, meat, and a milk pudding replaced 
the fish taken during the week at lunch. At 4.30 p.m. two cups of 
malz-caffee, with a very little milk and saccharin, were substituted for 
the milk of the week. 

Eaercise. In addition to the daily laboratory work, which, except 
on Sundays, occupied from 84 to 94 hours, a bicycle was ridden from 
August 2 to September 21, 14 hours, and from September 22 to 
October 15, 1 hour daily. From the latter date to December 23, a 
walk of 40 minutes every day took the place of the previous cycling. 

The urine was kept usually for 24 hours (10a.m. to 10 a. m.), and 
diluted to 2500 c.c. with distilled water; if a longer period intervened, 
thymol was added. 

The total nitrogen was determined by Kjeldahl’s process, with +, 
normal solutions; and the uric acid by the Ludwig-Salkowski method. 

No attempt was made to maintain an equilibrium between the 
amount of nitrogen taken in and that eliminated; for the difficulties 
connected with this in experiments extending over so long a time as 
the present one are practically insuperable; and it was not necessary 
for the purpose to which the experiment has been applied. 
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Taare I. 
| Quantity Uric 
Su. 2 1 2036 1016 18°06 0°5575 Lamb, rice padding, and custard do. 
M. 8 2 1897 1018 17°28 0°6750 do. custard pudding. 
Tu. 4 8 2078 1017 20°60 0°6450 Fowl, rice — — 
W 4 2500 1017 20°89 05675 Mutton, custard pudding. 
T. 6 5 218 1018 21:52 05200 Fowl, rice pudding. — 
F. 7 6 17 — 2108 05725 Pigeon, rice pudding. 
Total (6 dys) 12540 119-438-4875 
Daily mean 2090 19°90 0°5729 
Su. 9 7 2571 1015 20°16 05728 Mutton, 
Tu. 11 8 1985 1018 20°73 0°5750 do. 5 
W. 12 9 1917 1017 04875 Fowl, rice 
F. 14 10 £1577 1017 20°00 0°5625 Mutton, custard pudding, do. 
Total (4 days) 8000 83-48 271978 
2000 20°87 0°5494 
Su. 16 11 2440 1015 1802 0°6575 Fowl, custard t ene. 
M. 17 12 15077 — 16°58 05700 Lamb, rice 
W. 19 18 1810 — 1928 0°6175 Matton, custard 90 
T. 20 14 1797 1016 1798 05875 —" do. 
F. 21 16 1814 1012 18°24 0°6725 Fowl, do. 
Total (5days) 8868 89°95 3 1050 
1778 1799 0°6210 
Su. 28 16 1248 1015 1912 0°7075 F rice pudding, pint champagne. 
M. 24 17 1625 1015 18°45 0°6675 Mutton, rice 3 
W. 26 19 2 1015 i043 94115 Fowl, custard pudding 
0 7 owl, u 
T. 27 20 1654 1016 08150 rice 
Total (5 days) 8103 9459 82800 
| Daily mean 1620 1891 0°6560 
M. 81 21 2121 1016 §©17°638 0°6150 58°980 Pigeon, custard pudding. 
Tu. T. 22 1490 1012 1468 0°4750 Fowl, rice pudding. Indigestion, sleep- 
lesaness. 
W. 2 28 1210 1012 16°21 0°4250 Mutton, rice pudding. Indigestion, 1 gr. 
sulphonal taken. 
TT. 8 24 1835 1012 1708 0°4150 renee pudding. 1 gr. sulphonal 
F. 4 2 1517 1018 1876 08178 Pigeon, custard 
8. 5 2 1088 1018 1636 0.5075 Fowl, rice ae" 
Total (6 days) 8751 100°67 19580 
Daily mean 1458 1677 0°4925 
M. 7 27 1782 1013 15°18 0°5650 58°136 Mutton, custard pudding. 
Tu. 8 28 1464 1012 1601 0°5250 Fowl, rice pudding 
W. 9 29 1462 1014 16°35 0°4725 Matton, custard pudding. 
T. 10 80 1499 1014 17°51 0°4875 Fowl, rice pudding. 
F. 11 81 1485 1014 16°33 04975 Pigeon, custard pudding. 


Total (5 days) 7682 6138 26475 
Daily mean . 1516 


* 

4 

— 
‘ 

f 
4 

| 
q 
‘ 
j 
4 
— 4 
a 


* Urine of 2 days mixed together. 


152 W. J. S. JEROME. | 
. 
Sept. No. com. 2800 Cem. germs. grms. kgrms. 

M. 14 82 1787 1014 1791 0°6550 58°507 Dinner of several courses with claret. 

Tu. 15 33 # 1610 1016 19°38 0°6450 Mutton, custard pudding. “ 

W. 16 34 1699 1018 18°18 05725 , Tice pudding. 

Total (8 days) 55°42 18725 

Daily mean 18°47 0°6241 

M. 21 385 oe 1018 15°85 0°4500 57°817 Mutton, rice pudding. 

Tu. 22 36 2222 1014 18°47 0°6525 Matton broth with carrots, turnips and . 

W. 28 37 1998 1012 1687 0°5425 Mutton, dding. 

F. 25 38 1768 1012 17°97 0°6200 do. bread — butter pudding. 

„8. 26 39 1976 1018 17°32 0°5100 do. rice pudding. 
Total (5 days) 9901 86°48 27750 
Daily mean 1980 1729 0˙5550 

Su. 27 40 2765 — 17°32 0˙5100 Fowl, bread and butter pudding. 

M. 28 41 £2001 1016 16°27 0°5875 58°462 ‘ ‘ 

Tu. 29 42 1601 1014 1590 05200 Mutton, 

W. 80 48 2499 1014 18°80 05400 Lamb, bread and butter pudding. 

Oct. 

T. 1 44 23859 1015 19°95 06075 Soup, fowl, do 

F. 2 45 20783 1016 19°95 0°5225 Mutton, 4 

„8. 8 46 1908 1012 17°92 04950 do. and butter pudding. 

Total (7 dys) 15206 126 11 8°7825 
Daily mean 2172 1801 054038 

„Zu. 4 47 2705 1011 17°92 0°4950 Fowl, rice ‘ 

M. 48 2290 1013 1758 0°5850 57°690 Soup, —— oustard pudding. 5 

Tu. 6 49 1868 1014 18°94 0°7100 Steak, cus ding. 

W. 7 50 2046 1014 18˙94 ~=#« 0°7100 Mutton, sce and butter pudding. 

1015 1947 0°6275 rice — 

„F. 9 52 1786 1015 19°47 0°6275 do. 

8. 10 58 1765 1018 19•84 060040 Fowl, custard padding, 

Total (7 dys) 14211 182°16 4°3090 ! 
Daily mean 2030 18°88 0°6155 

Su. 11 54 1984 1014 19°84 0°6040 Fowl, rice pudding. 

*M.12 55 2082 — 1950 0°6925 Steak, bread and butter pudding. 

„Tu. 18 56 1997 — 19°50 0°6925 Rabbit, do. 2 

W. 14 57 1981 1018 19°68  0°7225 Steak, rice pudding 

— 1635 1012 19°68 07225 Mutton, do. 

2017 1014 2049 07120 do. do. 
Total (6 11696 118°69 41460 
Daily m 1949 19°78 0°6910 

*M.19 60 1640 1018 18°24 0°6975 57°225 rice 

„Tu. 20 61 1717 1012 1824 05975 

22 62 1701 1015 19°11 0°6300 custard 

„F. 23 63 1829 1015 19°11 0°6300 do. rice : 

8. 24 64 1798 1017 21°01 0°7850 do. and butter pudding. 

Total (5 days) 8680 95°71 31900 
1736 19°14 0°6880 

M. 26 65 1968 1015 19°18 0°5700 57°682 ric padding 

*Tu.27 66 2061 1016 19°18 0°5700 Matton, bread butter pudding. 

„T. 29 67 2007 1016 19°32 0°6400 do. cad and 

„F. 80 68 1455 1015 19°32 0°6400 Rabbit, bread and ba butter pudding. 

„8. 81 69 1805 1016 18°97 0°6000 Mutton, rice | 
Total (5 days) 9291 95°87 3 0200 
Daily mean 1858 19°17 0°6040 
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ofurine diluted to nitrogen acid 
Nov. No. com 200 Cem. grms. 
Zu. 1 70 1804 1016 1897 0°6000 
M. 2 71 2226 1018 2104 # 0°7850 
*Ta. 8 72 2056 1017 21°04 0°7350 
W. 4 73 1/7 1016 20°70 0°7225 
T. 5 74 2161 1014 2070 07225 
F. 6 75 2171 1012 20°30 0°7025 
„8. 7 76 1991 1013 20°30 0°7025 
Total (7 dys) 14175 14305 49200 
Daily mean 2025 20°48 0°7028 
u. 8 77 1792 1018 20°30 0°7025 
W. 11 78 2140 1017 + 21°35 0°6825 
79 #2304 1016 2135  0°6825 
*S. 14 80 1928 1016 £1876 05400 
Total (4 days) 8164 81°76 2075 
mean 20°44 0°6518 
*Su.15 81 1015 5400 
„M. 16 82 1618 1014 1890 0,7175 
Tu. 17 83 1576 1014 £1890 07175 
W. 18 84 19198 1018 2100 07675 
T. 19 853 2010 1014 £19°66 06350 
F. 20 86 1978 #1015 . 20°75 06875 
*S. 21 87 1948 1015 19°95 0.7025 
Total (7 dys) 138607 137°92 47675 
Daily mean 1948 19°70 0°6810 
*Su.22 88 1920 1015 19°95 0°7025 
W. 2 89 1881 1015 1894 0°6150 
T. 26 90 2185 1019 2166 0°8375 
F. 27 91 1988 1018 2111 0°7525 
8. 28 92 1995 1016 21-91 07775 
Total (5 days) 9919 108°57 358850 
Daily mean 1983 20°71 0:7870 
*Su.29 938 2800 1015 2191 £0°7775 
M. — 94 1927 1015 1909 0°6875 
Tu. 1 95 1822 1016 19°36 0°7375 
W. 2 96 2092 1018 ### 20°78 0°7225 
T. 3 97 1861 1015 2135 0°7450 
F. 4 98 1941 1016 - 21:12 06775 
Total (6 dys) 11943 12406 1975 
Daily mean 1990 20°67 07162 
Su. 6 99 2410 1014 06100 
Tu. 8 100 1880 1016 20°48 07400 
T. 10 101 1698 1017 19°74 0,7225 
Total (3 days) 5988 58°64 2°0725 
Daily mean 1 19°61 0°6908 
M. 14 102 2182 1015 # £1983 0°7075 
Tu. 15 108 2150 1015 07150 
Total ) 4332 89°12 1 4225 
2166 19°56 0°7112 

Zu. 20 104 2010 1015 0,5400 
M. 21 105 2163 1014 18°38 0°7225 
. 22 106 19038 1015 18°06 0°6400 
W. 28 107 2227 — 19˙18 0˙7475 
Total (4 days) 8308 72°12 500 
Daily mean 2075 18°03 - 0°6625 
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4. ice and butter 
Mito, vce pod rice pudding. 


Mutton, bread 


Fowl, custard 
do. rice pudding. 


Mutton, bread and butter pudding. 
Fowl, custard pudding. 
d b pudding. 
it and butter 
Mutton, ri ce pudding. 


Fowl, bread and butter — 
Mutton, do. 


Fowl, custard pudding. 
Mutton, rice pudding. 


— and pudding. 
Few cua 


Fowl, custard pudding. 
do. bread and butter pudding. 
Mutton, rice pudding. 


Fowl, bread and butter pudding. 
Mutton, do. 


— bread an 


Fowl, — 


tter pudding. 
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The maximum amount of uric acid was excreted on November 26, 
and the minimum on September 3, when there was indigestion with 
diminished appetite, the amounts being 0°8375 and 04150 grammes 
respectively. The absolute range of variation lay, therefore, between 
these numbers, the daily mean for the whole period being 0°5330 
grammes. If, instead of single days, the weekly periods are taken, the 

are: maximum 0°7456 grammes, minimum 0°4625 grammes, 
and mean 0°6261 grammes. The causes of this variation will not be 
entered into, the data necessary for its discussion not being forthcoming, 
as neither the amount of nitrogen absorbed daily, nor the quantity 
of alloxur nitrogen contained in the food, was determined. 

The limits of fluctuation in the amount of uric acid excreted daily 
under a certain mode of life having been thus well established, the 
next thing was to ascertain if these could be extended, or shortened, at 
will, by altering the amount of nuclein contained in the food. This, 
however, was not done at once, for the diet and mode of life already 
described were continued, with some change during the last few days 
only, till February 6, when a rather severe attack of influenza rendered 
further work impossible till March 28. The experiment was then 
renewed, but the state of health made it desirable to depart somewhat 
from the former diet. 

Breakfast was the same as before, except that 1 egg was taken 
instead of 2. The chief meal was at 2 p.m., and supper at 8 p.m., both 
consisting of mutton or fowl, broccoli sprouts, bread, a milk pudding, 
and 2 dessert-spoonsful of whisky with soda water. Two cups of tea 
were taken after dinner, and 5 grammes of Liebig’s extract of meat 
at lam., 11 am., and 5 p.m. 

This diet having been continued for 6 days in order to determine 
the amount of uric acid excreted under it, it was changed with a view 
to observing the effect of : 


1. Cod’s roe (ova) 2. Asparagus. 3. Calf’s thymus. 4 A 


lessening of those substances in the diet which are known to yield 


alloxur-bases. 

In period 2, cod’s roe took the place of mutton or fowl at dinner 
and supper. In period 3, tinned asparagus was taken very freely, 
instead of broccoli sprouts, at 2and 8 p.m. In period 5, thymus replaced 
poultry or meat; and in period 7, Liebig’s meat extract and vegetables 


were given up, eggs were substituted for poultry or mutton, and 1 cup — 


of tea was taken after dinner instead of 2. In the periods between 3 
and 5, and 5 and 7, and in that after 7, the diet of the first 6 days was 
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returned to, except on April 24, when the supper consisted of soup, 
fish, mutton, guinea-fowl, and sago pudding. 

Between March 28 and April 26 no exercise was taken except that 
connected with the work in the laboratory. This occupied 9 hours a day. 


The 24 hours’ urine was collected at 6 pm., and 


3000 c.cm. 

Taare II. 

Date Sp. gr. of P 
— 

Su. 28 1 1865 1018 13°88 0-702 - 
M. 29 2 2569 1010 17°25 0°7275 62-490 
Tu. 30 8 2700 1018 15°68 08840 
W. 31 4 2420 1015 1560 06362 
5 2182 1016 15°60 0°8362 
F. 2 6 2531 1012 17°65 9.8700 
Total (6 dys) 14217 95°61 4°8064 
Daily mean 2369 1593 08010 
8. 8 7 2868 1014 1708 0°7635 
Su. 4 8 2268 — 18-19 08160 
Total (2 days) 4636 35°22 5705 
Daily mean 2318 17°61 077897 
W. 7 9 2566 1016 1788 0°7985 68-172 
T. 8 10 2515 1018 1582 08806 
F, 9 u 2290 1018 1461 9.8970 
Total (8 days) 7371 47°76 255710 

2457 15°92 0°8570 
„. 10 12 2701 1012 1497 0°7245 
„Zu. 11 18 2356 1018 1497 0°7245 
M. 12 14 2861 1018 15°77 908810 63-465 
Total (8 days) 7418 45°71 25100 
mean 24 15°28 0°7700 
Tu. 18 15 2740 1017 17°16 1°5160 
W. 14 16 2629 1015 2005  2°0285 
T. 16 17 2499 1018 18˙40 1°0980 
Total (8 days) 7868 35599 4385 
2622 18°53 1°6455 
F. 16 18 2198 1018 1600 0°7980 
„8. 17 19 2648 #1012 15°52 07246 
*Su. 18 20 1905 1018 15°52 0°7245 
M. 19 21 2875 1012 17086 ~—«0-7125 63°555 
Total (4 days) 9021 64°10 39505 

ily mean 2255 16°02 0°7898 
Tu. 20 22 2647 1011 #1562 05160 
W. 21 23 2247 1011 1497 04428 
T. 22 24 2056 1012 14°57 08815 
F. 23 25 2060 1010 1429 0.5080 
Total (4 days) 9010 59°45  1°5980 
Daily mean 2252 1486 03982 
8. 24 26 2825 1015 1861 06810 
Su. 25 27 2518 1018 16°54 0°7880 
M. 26 28 2202 1015 1661 0°7080 63-412 
Total (8 days) 7045 61°76 1770 
Daily mean 2348 17°26 - 0°7090 
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| Asparagus after-period (4). 4 

| Thymus period (5). F 

| Thymus after-period (6). 
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The maximum daily output of uric acid during the normal period 
(March 28 to April 2 inclusive) was 08700 grammes, the minimum 
07025 grammes, and the mean 0°801 grammes, while, for the thymus 
period, the numbers become 2°0235, 1°0980, and 1°5455 respectively. 
Tbe thymus is known to contain a large quantity of nuclein—according 
to Weintraud 5 to 6°/, of alloxur nitrogen—and there is no doubt 
that the rise in the uric acid excretion is due to the thymus which had 
been taken. On the other hand, the numbers sink, during period 7, to 
05160 maximum, 0°3030 minimum, and 0°3982 mean. These figures 
might, doubtless, have been reduced even lower, had this part of the 
experiment been continued longer, and the diet been strictly a non- 
nuclein one. 

If it be objected that when, during the thymus period, the uric 
acid rose, and during period 7, when it fell, the total nitrogen rose and 
fell also, a moment’s consideration of the proportion between the 
variations in the amount of uric acid and those in the quantity of total 
nitrogen will show that the fluctuations in the former cannot be 
attributed to those in the latter. If any doubt remained, it would 
be removed by comparing the total nitrogen of the thymus period (7) 
with that of the first part of the experiment (August 2 to December 23). 
In this, the total nitrogen repeatedly exceeded that of the thymus 
period, while the uric acid only once reached 0°8375 grammes, the uric 
acid maximum for the thymus period being 20235 grammes. Still 
stronger proof is afforded by another experiment in which (September 
17 and 18) thymus was substituted for fish at lunch (Table III.). 
The uric acid mean of the 3 previous days, 0°6241, ran up to 09662, 
and the total nitrogen was practically unchanged, viz., 18°79 grammes 
in the thymus period against 18°47 grammes in the normal one. 


III. 
Date 
Quantity . Total 


W. 16 8 1699 1018 18°18 0°5725 | Normal period. 


17 4 1741 1012 18°92 0°9225 
18 5 1889 1012 18°67 10100 
Total (2 days) 8630 87°59 1-9325 
Daily mean 1815 18°79 09662 


The uric acid of the urine is, therefore, undoubtedly increased by 
the nuclein of the calfs thymus. Nuclein is an ingredient of nucleated 
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cells, but it is not all such cells which contain it. Ova hitherto 
examined have been found to yield para(pseudo)-nuclein in place of it; 
and cod’s ova evidently depart little, if at all, from the rule, for after 
4 meals, in which meat or fowl was replaced by cod’s roe (Table II., 
Period 2), a slight increase of the total nitrogen is accompanied by a 
moderate fall instead of rise in the amount of uric acid. This result 
accords with that of Hess and Schmoll, who found no increase in the 
uric acid after taking a large quantity of the yolks of hens’ eggs. 

The experiment with asparagus (Table II., Period 3) was made 
without knowledge as to whether this substance contains nuclein or 
not. The rise in the uric acid while it was being taken was definite 
but slight; it was interesting, therefore, to ascertain if this vegetable 
could be made to yield alloxur nitrogen, and if so, in what quantity. 
For this purpose 500 grammes of asparagus, as sold in the market, 
was washed, and then boiled for 4 hours with dilute sulphuric acid. 
After removal of the sulphuric acid by baryta, and of the excess of 
baryta by carbonic acid, the filtrate was evaporated to 500c.cm. To 
one half of this were added ammonia and silver nitrate, and in the 
remainder the alloxur nitrogen was estimated by Kruger“ and 
Wulff’s* method. The nitrogen, calculated for the 500 grammes of 
asparagus, amounted to 0°0854 grammes. The same quantity of 
thymus yields according to Weintraud* 25 to 3:0 grammes. In the 
absence of precise knowledge as to the quantity of alloxur nitrogen in 
both the food and the fices, and also as to some other points which 
will not be entered into at present, the dependence of the small rise in 
the uric acid, in period 3, on the asparagus taken during that time, 
though probable, cannot of course be affirmed with certainty. 

The difference between the daily mean uric acid excretion between 
August 2 and December 23, 1896, and that in the normal period, 
March 28 to April 2, 1897, is undoubtedly largely due to the Liebigs 
extract of meat which was added to the diet during the latter time. 
With 50 grammes of this substance, which is rich in alloxur nitrogen, 
given daily, Strauss‘ found the uric acid rise in one experiment from 
0312—0°471 grammes to 0°348—1'281 grammes. 

Tt has been already mentioned that between August 2 and 
December 23 the urine deposited uric acid regularly on standing; 
between March 28 and April 2 it did so twice only: this difference will 
form the subject of a future communication. The amount of the 
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alloxur-bases excreted during the two periods will also be published in 
connection with another branch of the subject. 


SUMMARY. 


1. The experiment shows, in confirmation of others referred to, 
that of nuclein introduced into the body, the alloxur-group appears, in 
part, in the urine, in the form of uric acid. 

2. It teaches that the daily output of uric acid is so easily, so 
surely, and so largely controlled by the use of suitable articles of diet as 
to make it highly probable that the variations in the amount of uric 
acid excreted in health from day to day are chiefly due to the larger or 
smaller quantity of alloxur-holding bodies absorbed from the food: 
chiefly, but not wholly, for there are other influencing conditions the 
effects of which have yet to be worked out. 

3. It offers no reason for supposing that the uric acid formation is 
necessarily modified, in any essential manner, by a diathesis, per se, 
which leads to subacute inflammatory affections of the muscles—or 
fibrous tissues connected with them—and joints, and a tendency to 
deposition of the uric acid of the urine in the form of “gravel.” 

4. The continued excretion of uric acid, though in a lessened 
degree, during prolonged fasting, is doubtless attributable to katabolism 
of the nuclein-holding cells of the organism. 

5. To what extent the uric acid formation is influenced by variety 
in the alloxur-holding substances can only be determined by future 


experiments. 


I have much pleasure in tendering my best thanks to the Regius 
Professor of Medicine for his kindness and courtesy in affording me the 
facilities necessary for the above enquiry. 
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RESEARCHES ON THE CIRCULATION TIME AND 
ON THE INFLUENCES WHICH AFFECT IT. By 
G. N. STEWART, MA., DSc., M. D., Professor of Physiology 
in the Western Reserve University, Cleveland, U.S.A. 


IV. The Output of the Heart. 


WE possess very few accurate data for determining the quantity of 
blood that passes through the cavities of the heart in a given time, 
or is discharged at each beat. The older and indirect estimates of 
Volkmann“, and Vierordt?, who give the output of the heart in man 
as 150—200 c.c. per beat (say, 003 of the body-weight per second), and 
in the dog as 00283 per second, are now generally regarded as excessive. 
Direct measurements have been attempted by Stolnikow“ and by 
Tigerstedt* Stolnikow cut off by ligature the whole systemic 
circulation (in the dog), and then measured the amount of blood 
passing through the so-called “vereinfachten Kreislauf,” consisting 
only of the pulmonary and coronary vessels, by means of a graduated 
cylinder interposed in an artificial connection between the axillary 
artery and the corresponding external jugular vein. He obtained 
values ranging from 00032 to 00160, and in the majority of his 
experiments less than ‘00064, of the body-weight per heart-beat; and 
he looked upon these as maximal values, since the pressure against 
which the blood was expelled by the heart was less than the normal 
pressure in the aorta. 

Tigerstedt inserted a Stromuhr into the undivided aorta (in the 
rabbit), and obtained (as the mean of 14 experiments) an output of 
‘00027 of the body-weight per beat and 00085 per second. The mean 
of all the maximum values in the different experiments was 00042 per 
beat and 00132 per second. 

Results intermediate between those of Volkmann and Vierordt on 


1 Die Himodynamik, Leipzig, 1850, p. 204. 

Die Erscheinungen und Gesetze der ee ee des Blutes, 1858, v. 104. 
5 Arch. f. (Anat. u.) Physiologie, 1886, p. 1. 

* Skand. Arch. F. Physiol., 1891, p. 148. 
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the one hand and those of Stolnikow and Tigerstedt on the other 
have been deduced by Gréhant and Quinquaud! and by Zuntz“ by 
an indirect method, based on the comparison of the amount of oxygen 
absorbed in the lungs with the amount added to the blood in its passage 
through the pulmonary circulation. In a horse Zuntz found the output 
per second 00122, and in a dog weighing 25 kilog., 00157 of the body- 
W 

N. discrepancies between the various estimates being so great, 
there seemed to be room for a new series of measurements made 
by a method involving a smaller amount of interference with the 
circulation than the method of Tigerstedt and particularly than that 
of Stolnikow, and at the same time applicable to animals of any size. 
Such a method is the following. 

Principle of the method. A solution of a substance which can be 
easily recognised and quantitatively estimated in the blood is permitted 
to flow for a definite time at an approximately uniform rate into the 
heart. The injected substunce mingles with the blood, and passes out 
with it into the circulation, At a convenient point of the vascular 
system a sample of blood is drawn off just before the injection and 
another during the passage of the substance; and the quantity of 
solution which must be added to a given volume of the first sample, 
in order that it may contain as much of the injected substance as the 
second sample, is determined. This determination, it is evident, gives 
us the means of estimating the extent to which the injected solution 
has been mixed with blood in the heart, and, therefore, knowing the 
quantity of the solution which has run into the heart, we can calculate 
the output in the given time. 

In carrying out this principle it is of course necessary to select a 
substance for injection which shall be easily recognised as it passes 
along the blood-vessels; which shall have no marked physiological, or 
at least no injurious effect on the heart, the vessels or the nervous 
mechanism that controls them, and which, finally, shall, as far as 
possible, produce no important qualitative or quantitative change in 
the blood. 

In my search for a substance which should conform to these 
conditions, I first tried certain pigments (methylene blue, aniline 
blue-black &c.). In small animals, eg. rabbits, these can be easily 
detected in their passage while mingled with the blood, and no 


Comptes rend. de la Soc. de Biol., 1886, p. 159. 
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injurious action appears to be produced by them in the quantities - 
in which it is necessary to employ them. But it is difficult, at least 
by any simple method, to recover them quantitatively from the blood ; 
and I next had recourse to glucose solutions, tinged with an amount of 
pigment sufficient for their detection within the blood-vessels. The 
glucose in the samples of blood was estimated by Knapp’s method. 
But this was extremely laborious when a single experiment might 
involve perhaps 20 or 30 sugar determinations, and there were other 
grave objections to the use of glucose solutions in such strength as 
was necessary for accurate estimation. In any case solutions that 
depend for their detection in the circulating blood on the presence 
of a pigment can only be used in small animals, and it appeared very 
desirable to have as great a range in the size as possible. I, therefore, 
had resort, after much consideration, to solutions of sodium chloride. 
Eaperimental details. The animals (dogs in all the experiments on 
the output) were completely anzsthetised with morphia with in 
addition ether, chloroform or the 4. C. k. mixture. Tracheotomy was 
then invariably performed. A catheter was inserted into the external 
jugular vein and pushed down till its orifice was in the right auricle or 
in the superior vena cava a little distance above it; or (in the later 
experiments) a long and fine glass cannula was introduced through 
the carotid into the left ventricle or the very origin of the aorta. The 
catheter or cannula was connected with a burette filled with sodium 
chloride solution (a 1°5°/, solution was found sufficiently strong), and 
sloped at an angle of 25°—45° to the horizontal. When the injection 
was to be made into the left ventricle the burette was mounted on a 
tall stand, and in the long and rigid connecting tube was inserted, 
immediately above the cannula, a valve to prevent any back-flow of 
blood. A short cannula (hereafter referred to as the collecting 
cannula), armed with a very short and narrow rubber tube, was 
tied into a convenient artery, usually a small muscular branch of 
the femoral high up in the thigh, sometimes the femoral itself, and 
oceasionally a branch of the axillary. The corresponding main artery 
on the opposite side (femoral, eg.) was isolated and laid on a pair of 
hook-shaped platinum electrodes of considerable surface, covered except 
in the bend of the hook with a layer of insulating varnish. To further 
secure insulation a bit of very thin sheet indiarubber was slipped 
between the artery and the tissues. By means of the electrodes the 
piece of artery was connected with a Wheatstone’s bridge, through 
which weak induction shocks from the secondary of a small du Bois 
11—2 
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inductorium, arranged for yielding an interrupted current, were sent. 
The current was always made so weak that there was no sign of 
stimulation of any of the excitable structures in the neighbourhood 
of the electrodes. A telephone was also connected in the bridge, 
according to Kohlrausch’s well-known method for the measurement 
of the resistance of electrolytes. The bridge having been balanced, a 
sample of blood is drawn off, and immediately handed to an assistant to 
be defibrinated. Then at a given signal another assistant allows the 
salt solution to run in for a time previously agreed on, reading the time 
by a stop-watch graduated in fifths of a second, but capable of being 
read between the graduations. He also reads the burette, and notes 
the quantity which has run in. As soon as the solution reaches 
the electrodes the balance of the bridge is upset, and the sound in the 
telephone becomes louder. It usually reaches its maximum rapidly, 
maintains this maximum for the greater part of the time of passage, 
and then dies quickly away ; and the increase and decline of the sound 
are somewhat more abrupt when injection is made into the left ventricle 
than when it is made into the right side of the heart. The observer, 
with his ear at the telephone and his eye on a stop-watch in his hand, 
gives the signal to collect and to stop collecting to a third assistant who 
sits with his fingers on the bull-dog forceps compressing the artery into 
which the collecting cannula is inserted. The sample was usually 
collected only during the time for which the sound remained steady 
at the maximum or a portion of this time. Sometimes, for comparison, 
two or even three samples were collected at different parts of the time 
of passage, or collection was made during the whole time of passage 
including the “tapering” beginning and end. The pulse-rate was also 
observed and noted, After a sufficient interval has elapsed, a pair of 
samples is again taken, one immediately before injection and the other 
during the passage of the salt. The collecting cannula is, of course, 
carefully freed from blood after each collection. At the end of the 
experiment the specific resistance of each of the samples is determined 
by the telephone method. To a measured quantity of each sample 
taken before injection a quantity of the salt solution sufficient to render 
its resistance nearly equal to that of the corresponding sample collected 
during the passage of the salt, is added from a capillary pipette reading 
accurately to 005 cc. The quantity necessary to render the resistances 
exactly equal is then easily calculated. During the resistance measure- 
ments the blood is contained in a small U-tube immersed in a large 
vessel of running water supplied in a rapid stream from the cold water 
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tap. A thermometer is suspended in the water with its bulb close to 
the U-tube. The thermometer is read at each resistance measurement, 
and the resistance corrected for temperature, the temperature coefficient 
having been determined for this purpose by special experiments (see 
Exp. I). It was found that the variation in the temperature of the bath, 
when a good flow of water was maintained, did not amount on one and 
the same day to more than a few tenths of a degree. The seasonal 
variation was more than 10° C. 


Exr. I. To determine the temperature coefficient of the resistance of blood. 
Bitch, anssthetised with morphia and a.c.z. mixture. Blood obtained by 
inserting a cannula into femoral artery, and defibrinated. 


Resistance. 
Temperature | Bridge ratio jn || Temperature | Bridge ratio PY 
2 891" 7* 787 
42 906 8° 765 
19° 897 9° 748 
900 10° 731 
19° 896 128° 683 
2 890 11° 713 
8° 867 12° 696 
4° 847 14° + 665 
5° 826 15° - 650 
6° 805 


1 The numbers given in this column, as in all the resistance measurements in the 
paper, when multiplied by 10, represent the resistance in ohms of a column of blood 
of definite length and cross-section contained in a U-tube. The same U-tube was 
employed in all the experi uents; it was filled to the same height in each measurement, 
and the platinum electrodes were provided with a rest which ensured that the length 
of the column of blood between their ends should always be the same. 


Criticism of the method. Before proceeding to discuss the results it 
will be well to deal briefly with certain objections which might be urged 
against the method. 

1. The mixture of blood and salt solution in the heart may be 
incomplete. This is of no consequence so long as a fair sample of the 
mixed blood and salt solution is collected during its passage. For if ata 
given moment the portion of the column passing the artery with which 
the collecting cannula is connected is richer in salt than it would be, 
had complete mixture taken place, some other portion of the column 
must be correspondingly poorer in salt, and the irregular distribution of 
the salt in the circulating blood will not affect the average amount in a 
sample collected during the whole or the greater part of its time of 
passage. Asa matter of fact, however, from such observations as have 
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been made on the composition of different portions of the column, it 
would appear that even when the salt solution is introduced into the 
left side of the heart, a tolerably complete mixture takes place. 

2. The first portions of the salt may pass in the axial stream with 
a velocity greater than the mean velocity, and therefore the portions of 
the mixture of blood and salt solution which first reach the collecting 
cannula may contain less salt than would be the case if the velocity 
were uniform at all points of a cross-section of the moving column. 
This would make the calculated output too large. N 

v. Kries, in criticising Hering’s method of measuring the cir- 
culation time, cites experiments which show, what had been previously 
deduced from the mathematical theory of the flow of liquids in tubes, 
that the mean velocity of a stream of water flowing through straight 
capillaries of certain dimensions is half the maximum velocity. As the 
objection of v. Kries, if valid against Hering’s method, is valid against 
all “ Infusionsmethoden ” for determining the circulation time, I made a 
series of experiments some years ago, with the assistance of Mr Car] 
Ewald, A.B. of Harvard University; to determine the relation between 
maximum and mean velocity with artificial schemes in which I 
attempted to imitate more closely than was done in the researches of 
v. Kries the conditions in the capillary areas of the vascular system. 
These experiments, although communicated to the American Physio- 
logical Society at Washington in June, 1894, have not hitherto been 
. printed, and therefore I shall take the opportunity to put them briefly 

ce on record in this place, as they have a bearing on the objection now 
under discussion. 

Two glass cannule cut very short were tied into the ends of a piece 
of artery (carotid or abdominal aorta of cat or dog) or esophagus (of 
rabbit). This was introduced on the course of a system of tubes 
connected with a reservoir of water or defibrinated blood, from which a 
flow along the tubes could be established at will. Somewhere between 
the piece of artery and the reservoir there was connected with the 
system a syringe or burette containing a solution for injection (2°5°/, 
sodium chloride, defibrinated blood, or methylene blue). Unpolarisable 
electrodes were arranged under the piece of artery and connected with 
a Wheatstone’s bridge and galvanometer as in the experiments on the 
circulation time in animals*. A flow of liquid from the reservoir 
having been established, the “circulation time” from the — at 


1 Beitriige zur Physiol. (Ludwig’s Festschrift), p. 109. 1887. 
2 This Journal, xv. p. 1. 1898. 
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which the syringe or burette was connected with the system to the 
artery was determined by the galvanometer, or when pigment was 
injected, by the eye, or simultaneously by both methods. The outflow 
in a given time and the capacity of the portion of the system between 
the point of injection and the piece of artery were also measured. Let 
the observed “circulation time” be denoted by t, the capacity of the 
path by C, and the observed outflow per second by . Then .= O if, 
and only if, the observed “circulation time” is also the mean “cir- 
culation time,” or, in other words, if the average linear velocity for the 
whole path is the same for all particles starting from different parts of 
a given cross-section. If, on the other hand, the observed “ circulation 
time” is less than the mean, as would be the case if the average 
velocity for the whole path of a particle starting in the axial stream 
was greater than that of a particle starting in the peripheral stream, 


would be O and 4 fules ) ae where m is a proper 


fraction. My experiments determined the value of m for paths of 
various kinds and dimensions (branched and unbranched, wide and 
narrow, long and short). It is plain that the more nearly this value 
approaches unity the more nearly do maximum and mean velocity 
correspond ; when the value is unity, the average velocity is uniform 
over the whole cross-section. The following table, in which the results 
of a considerable number of observations are condensed, show that with 
straight and fairly wide tubes m is always much less than unity; and 
indeed for the widest tubes employed it is little more than 4. On the 
other hand in much-branched artificial capillary systems (formed by glass 
tubes filled with shot or beads) the ratio approaches unity, and this the 
more closely the smaller the shot or beads. With a straight thermometer 
tube of 8 mm, diameter a similar result was obtained, which is opposed 
to the observations of v. Kries on a tube of 4 mm. diameter. As 
my object was merely to test my own methods I did not make any 
special experiments to clear up the cause of this discrepancy. It could 
not be due to the difference in the manner of observing the velocity of 
the injected substance, for the beginning of the galvanometer deflection 
corresponded exactly to the simultaneous observation of the arrival of 
the, blood by the eye of an assistant. It may be that the mixture of 
defibrinated horse’s blood and 5% sodium chloride solution which I 
used for injection, with its (presumably) crenated corpuscles, did not 
lend itself to the establishment of a well-marked axial current so well 
as the pigment employed by v. Kries. The lateral movements and 
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temporary stoppages of the corpuscles in the narrow blood-vessels must 
certainly play a part, in addition to the branching of the path, in 
preventing any single particle of an injected salt solution from moving 


exp. Artificial system m 
1 | Glass tube (wide bore) 1 | Part of the path was vertical immediately be- 
1-81 | low the point of injection, and the injected 
circulation time t would be too short, and m, 
| therefore, too small. 
2 | Same tube as in No. 1, but 1 
per the hoe path hor 153 
zontal 
8 | Same tube loosely filled with 1 
_| perforated glass beads with Ii 
a wide lumen 
4 | Tube filled with coarse shot 1 | In Experiment 4 there was a in the 
1-34 | upper portion of the tube was not 
with shot. 
1 


The tube used in Experiments 4—10 was 
15 em. in length and had an internal 
diameter of 11 mm. 286 of the shot 


5 Same tube more closely filled 
with coarse shot 


— 
— 


6 ” weighed 10 
1°20 
7 
8 15 „ (nearly hori-“ 1 
zontal) 105 
” ” 1 
1-06 
10 8 » (half vertical)“ 1 
111 
unn The tube used in Experiments 11—18 was 
1˙16 450m. long. Internal diameter, 10 mm. 


Reservoir filled with dog’s blood diluted with 
an equal volume of normal saline solution. 


— 
— — 
— 


vanometer tube estimated by w 
ge e ing it full of water & dry’. 


Length of tube in Experiment 14, 4°5 em.; 
internal diameter, 10-5 mm.; 46 of the shot 


weighed 10 grm. 


— 
— 
— 


~ colour — as the total 


— 
8 


1 It is evident that in observations of this kind the real capacity is the total volume of 
liquid contained in the system minus the layer that adheres to the walls during the flow. 
Of course this latter quantity is by no means equal to the amount which adheres to the 
walls when the tube is emptied, nor do I know how it is to be estimated. 


fw 

* 

11 

18 

* 

4 
1 
5 


THE OUTPUT OF THE HEART. 167 


Artificial system m 
15 | Tube with fine shot 1_| By colour obser-J Length of tube in Experi- 
101! vation ment 15, 8 em.; inter- 
1 By galvanometer 18 of the thet weighed 
101 | observation 2 grm. 
16 1 | By simultaneous colour) Reservoir with 
diam.; length 500 mm.) 1 ⁰ galvanometer obser- XN — 
vation chloride solution. 


for any considerable distance with a velocity very different from the 
mean, and in the narrow dimensions of a capillary even ordinary 
diffusion may perhaps sensibly aid in this equalisation of velocity. 

I have further put the question to the test in the vascular system 
itself by injecting pigments or salt solution for a given time, at a 
uniform rate into the heart, and observing the time of passage of the 
substance at another part of the circulation, as the carotid or femoral 
artery (Exps. II—IV). The result is that when the time of injection 
is long in comparison with the duration of a single heart-beat the time 
of passage of the column of altered blood across a distant cross-section 
of the vascular system is only a little longer than the time of injection, 
in other words, that part of the injected substance which moves fastest 
does not much outstrip the main body, nor does the part which moves 
slowest lag much behind it. But there is always a certain thinning out 
of the column at its front and rear, as can be well shown by the 
somewhat gradual increase and decline of the sound in the telephone. 


Exp. II. Rabbit, 1944 grm. f grm. chloral hydrate. Simultaneous observations. 
Burette connected with cannula in ext. jug. vein. 05 %% aniline bl. bk. 


Amount injected 
5” 8-1" 5 Cannula was still filled with saline sol. 
5” 148“ 1% 
5” 5 | 4°75” 13 
5” 6-0” 
5” 5°25” 18 Colour appeared in carotid in 6” from be- 
of injection. 
5” * \5°0” (good) 11 
Hs 1 1 2 | 12 Colour appeared in 4.7” from beginning of 
a 
injection. Heart 163 per min. 
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Exp, III. Telephone method. Bitch, 9°295 kilos. Morphia, ether. Burette connected 
with catheter in external jugular vein. 


Time Time of passage 1. — 
of injection over carutid — 
10” 11” 11-2 of 5% 
NaCl 
„ 11˙5“ 4˙1 Sound began 12-5” fr. beginning of inject. 
10” 12-2” 108 „ 9-8” 
10” 110” (toomuch) | 3˙1 „ 11-0” 
Heart 50 in 25”. 
8” 88 „ Sound began 4 
8” 75" 4 10-6” 
4 * 5°2” 9 ” ” 7°38" ” ” 
a” 8 ” ” 74 
12” 12°8” 21 * 8-2” 
obs., per- 
ps too Heart 50 in 27” 
12” mas? 15°5 Sound began 6°5” 
* ” 
12” 12-6” 6-4” 
Average of 12-8" The estimates or time the sound continned 
4 obs. of 12” in this exp. are usually a little too 
one waited always to determine that 
sound had ceased to decline. 


This, however, introduces no important error if collection is made only 
while the sound is steady at the maximum. 


3. The mere loss of blood when numerous samples are drawn off 
may cause an alteration in the quantity of the circulating liquid and 
thus invalidate the results so far as an estimate of the normal output is 
concerned, Exp. V indeed shows that when samples varying from 
1 to 7% of the total blood are repeatedly withdrawn, the resistance and 
specific gravity both diminish, doubtless because the proportion of 
serum to corpuscles has been increased by absorption of fluid from the 
lymph spaces. Although the losses of the circulating liquid are thus in 
part, at any rate, compensated it is obvious that the best precaution 
against this source of error is to make the samples as small as is 
consistent with accuracy. 


4. The injection of large quantities of liquid may alter the volume 
of the circulating blood. This source of error can again be best avoided 
by injecting the smallest quantities of the salt solution which will 
suffice. 


5. The injection of large quantities of sodium chloride will cause 
water to pass into the blood from the lymph spaces, and so alter the 
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volume of the circulating liquid. Experiments were made to determine 
the extent of the changes produced in this way by the injection of 
considerable amounts of the strongest solution used in the research 
(5°/, sodium chloride). A measured volume of the solution was 
injected, and after a definite interval, supposed to be sufficient for 
complete mixture with the blood, a sample was drawn off. The 


Exr. IV. Dog, 9°18 kilos. Morphia, A. C. n. mixture. Burette connected with catheter 
in external jugular vein. Solution injected, 4°/, NaCl. 


Duration 
11 10” | 106” ae Electrodes on carotid artery low in neck. 
18°7 9°75" 9°15” 
19°6 10” | 10-4” 
19 95“ | 10°32” 63 
18°8 10” Interval between beginning of injection and 66 
arrival of salt at electrodes, 8°25”. 
| 8 | 64 
149 8* 9˙5“ (total time)] Sound began at 7°5” and ended at 17“ after 66 
beginning of injection. 
169 |. 10” | 10°5” (total) | Sound began at 7°56”, loud at 8-2”, fell off 64 
abruptly at 17°65”, and was over about 18” 
after of injection. 
16°6 10” OF Sound began at 9-8”, over at 19” after be- 59 
ginning of injection. 
13°4 10” oS” „ Sound began at 9-5”, loud at 10-3”, fell away 574 
at 18”, over at 19” after begin. of ‘injection. 
3˙1 5” 2 und began at 98”, over at 15” after be- 54 
ginning of injection. 
Now put electrodes on femoral artery high up in thigh. 
10°5 10” | 99” (total) | Sound began at ri 2”. 
18°4 10” | 182” „ Maximum 83 lasted 10-2”. 80 
79 10” 5 Sound began at 8°5” after begin. of injection. 84 
Marked dyspnoea, and froth coming up in 
tracheal cannula. 
129 10” | 1338” „ — began at 8°7”, loud at 10-5", over at 109 
141 Sound at increased gradually 04 and 
up to 1 , then almost at once began to very weak 
decline, and was over at 22” after begin- 
ning of injection. Dyspnea still great. 
3°6 5” Sound began at 9°3”, maximum reached at 146 and 
12”, sound over at 17” after beginning of | very weak 
injection. 


The gradual increase of the sound to the maximum, and maintenance of the maximum 
only for a moment were characteristic of the observations made during the dyspnea. In 
normal observations the maximum is more quickly reached, is maintained for a relatively 
long time, and the sound then declines rather suddenly. 
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Exp. V. Effect of repeated hemorrhage on the conductivity of the blood. Dog, 
4-914 kilos. Morphia, 4.c.z. mixture. Oannula in right femoral artery. 


Bis. No. ot | Resistance 
8.46; 1 7 664 1 45 | Specific gravity of mixed samples from 
Mea. 1—4= 1050°5 (determined by 
P 

8.50; 2 7 653, ( 41 

3.56 8 95 647, (6° 41 

4.4 4 16°5 640, (6°) 

4.10 42 

4.18 5 11 630, (6°) 

4.21 43 

4.24 6 28 627, (6°) Sp. gr. of No. 6 = 1019-4. 

4,36 45 

4.45 7 18 615, (6°2°) 

4.51 47 

4.56 8 16°5 594, (6°1°) ee Specimen partially clotted. 

5.5 

5.6 9 9°5 599, (6°2°) 

5.18 10 11°5 512, (6°) Specimen considerably clotted. Only re- 
sistance of — portion measured. 

5.20 11 32 590, (6°) 

5.24 186 Sp. gr. of No. 11 = 10488. 

5.26 12 2 Impossible to get any more blood from 
femoral artery. Now put cannula in 
right carotid. 

5.385 18 10°5 539, (6°) none Pressed on abdomen to help the flow. 

5.37 

5.48) 14 75 518, (6°2°) 

5.45 90 


Total quantity of blood drawn off in all the observations, n 


4 The temperatares in brackets are the temperatures at which the resistance measure 
ments were made. 


resistance of this sample was afterwards measured, and the quantity of 
the salt solution determined, the addition of which to a given quantity 
of a sample taken immediately before injection sufficed to render its 
resistance the same. Although the interval allowed for mixture in 
most of the observations (60”, counting from the end of the injection) 
seems to have been long enough to allow the escape of an appreciable 
amount of the salt from the circulation, and although for this reason 
the numbers obtained for the volume of the blood are doubtless too 
high, the steady decline in the specific gravity shows a continually 
increasing degree of hydremia. The effect of this condition on the 
output is in itself an interesting study, but if our object is to determine 
the normal output, the proper way of avoiding this source of error is to 
reduce the strength of the solution injected. In large animals it does 
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not appear that a 4 or 5°/, solution is too strong and this is the 
strength used in the earlier experiments. But in all the later 
observations 1°5 or 2% solution was employed. It would appear, 
although I have not yet put this to the test of an actual experiment, 
that a salt solution isotonic with the blood, or even serum itself, might 
be used not only in such experiments as those dealt with in this paper, 
but also in estimating the circulation time. This possibility is based on 
the fact, discovered very early in the investigation, that the electrical 
resistance of serum is very much less (2—5 times) than that of 
defibrinated blood, the corpuseles, being, in comparison with the serum, 
non-conductors. The resistance of blood accordingly depends on the 
relative volume of corpuscles and serum in it, and, as a matter of fact, 
blood of bigh specific gravity has a high resistance, and blood of low 
specific gravity a low resistance. And while the resistance of speci- 
mens of blood from different animals (of the same species) varies 
extremely, it is easy to equalise their resistances by the addition of 
serum, which has in different animals a resistance varying only within 
narrow limits. 

Results.—A synopsis of a part of the numerical data accumulated in 
this investigation is presented in the accompanying tables. The details 
of the observations bave been omitted except in Exps. XXII and XXIV, 
which are given in full as specimens (pp. 174—177) Table I (pp. 182, 
183) brings together, so as to facilitate comparison, the minimum, 
maximum and average values of (a) the output per second, (6) the 
output per kilo of body-weight per second, (c) the output per second 
expressed as a fraction of the body-weight, (d) the pulse-rate, (e) the 
output per heart-beat, (/) the output per kilo of body-weight per 
heart-beat, (g) the output per heart-beat expressed as a fraction of the 
body-weight (in Exps. VII—XXIV). 


SUMMARY OF CONCLUSIONS. 


1. The output per second may vary considerably even when the 
pulse-rate is approximately constant. 


2. The output per second may remain approximately constant 
while the pulse-rate undergoes considerable variation. In this case, 
of course, the output per heart-beat will vary inversely as the pulse- 
rate, 
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3. In general, when the pulse- rate increases considerably, the 
output per heart-beat diminishes, while the output per second may or 
may not alter, but is usually diminished too, although not in the same 
proportion as the output per beat (e.g. Exp. XIII). 

4. The minimum output per beat in a series of observations on the 
same animal nearly always corresponds to a pulse-rate much above the 
average for the experiment, and often coincides with the maximum 


pulse-rate (Exps. XIV—XVII, XIX, XX). 


5. A moderate increase in the pulse-rate may correspond to an 
increase in the output per second and in the output per beat. 

6. The maximum output per beat usually corresponds to a pulse- 
rate below the average for the experiment, and often coincides with the 
minimum pulse-rate (Exps. XIV, XVI, XIX, XX, XXIII). 


7. The mean output per kilo of body-weight per second is, in 
general, greater for a small than for a large animal under similar 
experimental conditions. 

8. The mean output per kilo of body-weight per heart-beat seems 
also to increase somewhat as the size of the animal diminishes, at least 
under the conditions of these experiments, in which no marked dif- 
ference existed between the mean pulse-rate of the large and of the 
small animals. Thus, | 


in c.c. c. o. dody- weicht per sec. 

Large dogs (27-8 k. and 2°31 171 ö 00181 134 
upwards) 001771 

Medium dogs (10.82 k. 8°39 2°63 00357 00278 1:39 
to 18°2 k.) 00250! 

Small dogs (4.975 k. to 384 8°15 00408 00334 1°37 
9°89 k.) 003221 


1 Mean of the minimum values. 


These numbers, it will be seen, occupy an intermediate position 
between the older estimates of Volkmann and Vierordt and the 
newer estimates of Stolnikow and Tigerstedt, and they agree fairly 
well with those of Zuntz. 

While it would be futile to apply such results to a rigorous cal- 
culation of the output of the heart in man, it appears legitimate to 


* 
Mean output Mean 
f Mean output Mean output per second per 
per kilo per kilo expressed asa | expressed asa | Pulse- N 
per second | per beat in om of the fraction of th: rat | 
4 — :: — — — 
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assume that, under the same conditions as the animals were subjected 
to in these experiments, the output of the heart of an average adult 
per second would certainly be much less than 00245, when the body- 
weight is reckoned as I. Eg in Exp. XIEI the pulse-rate for the first 
five observations was very constant, and comparable with the normal 
rate in man, the average being 69 per min. The average output per 
beat was 46°7 c.c. or 00177 expressed as a fraction of the body-weight ; 
and the mean output per second was 00203 of the body-weight. The 
body-weight was 27°89 kilo. We must suppose that under similar 
conditions the output per second in a 70 kilo man would be considerably 
less than 00200 of the body-weight. If we take it at 00150, this would 
correspond to about 105 grm. of blood per second, er 87 grm. (say 
80 cc.) per heart-beat with a pulse-rate of 72. 


Preliminary communications on portions of the subject-matter of this paper were made 
to the American Physiological Society at Washington, in June 1894, to the American 
Physiological Society at Boston, in Dec. 1896, and in Science, Jan. 22, 1897, Some 
of the work was done in the Physiological Laboratory of the Harvard Medical School, the 
greater part of it in the Physiological Laboratory of the Western Reserve University. 
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TABLE I. 

Output per second in cc. | of the bedy-weight 

XXIV | 94:65 K 66.9 11914) {870+ 1:30 | 1-6 [14 
xiv | s2-26 | 761 | 107-4 |{86°5, | 9-35 | 9-82 | {2°98 | 00240 00862 | { 00883, | 1-40 | 2˙80 184. 
xm | 27-89 | 25:3 | 680 | o-90| 2-48 1. 00106 0025s { 00279, | 1-18 | | 
xy 344 | 698 43. 189 3-08 | 12°56, | 90190 0404 89244 | 0°88 | 1-20 
XXI |175 | 48-4 | 789 | 61-6 |2-76| 460 8-52 | 00298 | 0047 0074 16 1-21 
XI | 15-25 | 38-9 | 555 | 49-1 |9°55|8°68| 8-22 | -00259| 0086 900859 1-18 
XXI 14% | 27-9 46 117. 00198 90343. 18 18 
XX 12 1 74 | 421 5% 8-28 0017 -00606| 00345 | 1°63 2-18 
Xx 1227 87-7 | 66-6 | 46-9 | 3-06|5-42| 00824 007 00401 1186 1-08 
XVI 11% | 15-6 | 625 8.1. 122 4.89. 0014 | 0056 8:08 
XI | 359 | 47% 8-07 4078.88. 0025 00451 1-16 | 1:80 
XX | 38-4 | 443 | 89-9 3.28 8-66 | 0034 | 0045 0040 1386 1-22 
XVIII} 9°89 | 192 | 27-1 | | 1-94] 2°74] 2-87 | 00205 00289 -00251 1.50 1-10 
1X | 9295 | 266 | 4:9 (409 | 8:07 | 4:95 | | 00826 | 00549 90486 1-98 
vm | 8-4 | 281 | 26-2 | 28:15 | 8-85 | 00354 00888 00354 - 
XXIII} 7-165 | 195 21% | {50% | 2-72 448 (44: | 0287 | 0048 948 | 0°61 | | 
vn | 6-48 | 169 | 81-9 | 98:8 260 42 8°52 00 75 -00519| 900887 136181 1-61 
XV | 4975] 230 | 81-7 | 26-7 | 462|6-37| 5-36 | 00489 -00675| -00568 |1-28|1-71| 1-48 


* Average of the observations in which the conditions appeared to be most nearly normal. 

the maximum pulse-rate. 

{ Maximum output per heart-beat corresponding with minimum pulse-rate. 

§ The heart was slit open and wiped with a dry cloth, after removal of all clots, before being weighed. 
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Output per heart-beat in ce. of the body weight. 
es: oe Max. | Average Min. Max. Average Min. Max. Average 
XXIV | 36-44] 86-24 967 · See remark below. 
xIV | stot 787 (6. | 2-373 (18. 00101 00261 90188.“ Weicht of heart 246 grm.§ 
XI | 58-6 48. 0'401 2-10 197. 00222 0197. Weicht of heart 146 grm. f 
727 (48. 1% | 8-09 00184 00421 89243. 
XXII | 64:3 50-9 | | 2-90 | 00282 00890 -00809 | Weight of heart 189 grm. § 
x 45·4 2-84 00300 
XI | 15-7 | 27-0 — 104 1˙80 00111 | 00191 Weight of heart 100 grm. § 
XIX | 7.7+ | 45°3t | 197 | 0-6ot 1-58 00068 -00871| -00161 
x  |365 | | 45-5 | 2°07 | 3-70 900818 -00621| 00889 
xvi | 6-1¢ | 40-03 44. | 8-893 (1. 0045} 00866968 
22˙6½ | 89°3 25 1-98t 6 O0 04 900886 90317. 
X |27-8 | s86-1¢| 327 | 8-49¢| 3˙16 08s -0037| -0033 | Weight of heart 91 grm.§ 
14-7+ | 26-3 | 21-3 | | 2-66 | 2-15 | -00157| -00281| 00227 
217. 20250 
VIII 
XII 46-27 8-39 | 6-44} {549° 00357 | 00678 Weight of heart 74 grm. § 
vir 1224 176 | 148 | 1-88 | 2-71 | 2-23 00199 0087 00241 
XV |14-7+ | 98°8 | 186 |2-95+| 4-78 | 8-73 | 00818 00506 00896 

Remark. These numbers are only for the blood passing through the descending sorta, but since one 
carotid was tied and the innominate obstructed by the cannula this would represent by far the greatest 
part of the total blood-flow. + indicates that the quantities for the whole body must be greater than the 
numbers given here for Exp. XXIV. 
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ON HALOGEN DERIVATES FROM PROTEIDS. By 
F. GOWLAND HOPKINS anp FRANCIS, W. BROOK. 


(Preliminary Paper.) 
(From the Physiological Laboratory, Guy's Hospital.) 


[Introductory Note. The substance of this paper was communicated to the Physio- 
logical Society on June 10, 1897, as the outcome of observations, which so far as the 
authors are concerned, were entirely original. But it is scarcely a matter for surprise 
that, since Baumann’s work on the thyroid, the endeavours of many have been directed 
to the production of artificial combinations of proteids with iodine, and secondarily with 
the other halogens. 

A brief summary of our own results was sent last July to the German Chemical 
Society, and upon its publication in the Berichte’ we received from Dr F. Blum“ of 
Frankfort-on-Main reprints from certain papers which show that to him belongs priority 
in the application of artificial halogen-proteid products to therapeutic use. His papers 
appeared towards the end of last year. Dr Blum proceeded, however, direct to the 
therapeutic question, and published no analyses of his products nor any exact account 
of their preparation. We are unable therefore to say whether the substances we describe 
are identical with his. The physiological and therapeutic results which he claims to have 
obtained are sufficiently striking; the substances serving, in fact, exactly such purposes 
as sanguine prediction might suggest. An iodo-proteid given to dogs prevented symptoms 
and preserved the life of the animal after thyroidectomy ; a bromine derivative proved of 
value in the treatment of epilepsy; and, lastly, a chlorine derivative was of important 
service when administered to patients with deficiency of gastric juice. : 

In the very number of the Berichte which contains the summary of our results referred 
to above, appears a paper by Liebricht* briefly describing certain iodine derivatives of 
casein, which in the hands of Prof. Kocher proved to be of therapeutic value. Zarlier 
than this, in fact very shortly after the date of our own communication to the Physiological 
Society, Lépinois* described a preparation which he calls iodo-casein’ obtained by the 
direct action of iodine upon milk. 

In the current (September) number of the Analyst (XXII. No. 258, p. 228) is a paper 
by Dr S. Rideal and Mr C. G. Stewart, in which it is shown that chlorine gas 


1 Berichte d. deutsch. Gesellech. xxx. No. 14, 8, 1860. 3 

1 F. Blum. Münchener Med. Wochenschr. No. 45, 1896; also Separat-Abdruck aus 
den Verhandlungen des Congresses fiir innere Medicin (Verlag von J. F. Bergmann in 
Wiesbaden). 

Berichte, loc. cit. 8. 1824. 

* Lépinois (Journ. Pharm. Chem. v. p. 561; June 1897). 
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completely precipitates the proteids present in meat extracts. This paper was read before 
the Society of Public Analysts a few days before the date of our communication to the 
Physiological Society. These authors determined the nitrogen in the precipitate thrown 
out from meat extracts, and thus obtained a means of estimating the total proteids. They 
do not describe experiments upon individual proteids, nor any work upon the lines of 
the present paper. To them however belongs the credit of having unearthed from the 
early literature a reference to previous observations which had escaped us. As far back as 
1840, Mulder“ described the chlorination of proteids by the direct action of the halogen. 
The results of a somewhat cursory study of the products obtained were adduced by 
Mulder in support of his “ protein” theory. His observations upon the chlorination 
of proteids—correct in th ives—appear hitherto to have shared oblivion with that 
subject belongs to Mulder, and to him alone. 

Our own work however traverses the ground of no other observer, and we feel justified 
in publishing this paper exactly as it was originally written. } 


A CHANCE observation made last autumn of the efficacy of bromine as 
a precipitant for urinary albumen led us to the experiments described 
in this paper. It was found that specimens of urine which would 
scarcely react to Heller’s nitric acid test gave a well-marked precipitate 
when shaken with bromine, and this precipitate could be shown in the 
great majority of instances to be due entirely to any proteid present. 
We therefore tried the effect of bromine and afterwards of the other 
halogens upon various proteids in solution, and found that egg-albumen, 
the proteids of blood serum, albumoses, peptones, and also gelatine were 
completely or almost completely precipitated by the direct action of 
chlorine, bromine, or (under somewhat modified circumstances) of 
iodine. 

Further observations showed that the precipitates all contained the 
halogen in definite combination, and that the substances obtained 
differed widely from the haloid peptone salts previously described by 
Paal. The products obtained from the native proteids are amorphous, 
non-diffusible bodies which retain to a large degree the fundamental 
properties of proteids, and of which it may be said with certainty that 
they are of very high molecular weight. They contain nevertheless 
strikingly large percentages of the halogen. They are obtained 
entirely free from ash. 

For more complete study we have hitherto used almost exclusively 
the compounds obtained from egg-albumen; and these alone are 
described in the present paper. 


1 Mulder. Journ. f. pr. Chem. XiAv. S. 487. 
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I. Bromine Derivatives from Egg-Albumen. 


It will be convenient to describe first the results we have obtained 
with bromine. Its compounds are on the whole the easiest to prepare, 
and our analytical data with regard to them are the most complete. In 
their general characters the bromine derivatives agree in all essentials 
with those of the other halogens. 

Precipitation of Egg-Albumen with Bromine. Egg-white diluted 
with from ten to fifteen times its bulk of water, and made faintly acid 
with acetic acid, is allowed to stand for 24 hours, and is then filtered. 
The clear filtrate is shaken in large stoppered vessels with pure 
bromine, the halogen being added little by little until the fluid shows 
a decided brown colour. Large amounts are at first absorbed until, at 
a certain point, when excess has been nearly reached, a bulky precipi- 
tate begins suddenly to separate out. Precipitation of the proteid is 
complete only when an excess of halogen has been added. 

There is no evolution of gas during the process, and no marked 
rise of temperature or other evidence of violent chemical action—the 
bromine seems to be simply absorbed. 

We have found that shaking with pure bromine in the way just 
described is the most satisfactory method of precipitation. So much 
halogen is required that the addition of bromine water adds in- 
conveniently to the bulk of the liquid, and the use of a solution in 
potassium bromide involves the necessity of subsequent removal of the 
salt. The bromine should however be added in quite small quantities 
at a time, and the mixture thoroughly shaken after each addition ; 
otherwise small spherules of bromine become coated with the precipitate 
and are difficult to break up. The precipitate is filtered off, and may 
be rendered free from uncombined bromine by thorough washing with 
water and dialysing. So prepared, and while still moist, the precipitate 
is white in colour; when dried it resembles dried albumen in appearance. 
In the moist condition it dissolves with great readiness in very dilute 
solutions of the caustic alkalies or of the alkaline carbonates. When 
such solutions are acidified a white substance is reprecipitated. The 
original precipitate dissolves also with some freedom in absolute 
alcohol, being again thrown out of solution on the addition of ether. 

We took advantage of these facts in our endeavour to fractionate 
and purify the original product, but we found that treatment with 
alkaline carbonates on the one hand and with alcohol on the other 
gave products of two essentially different types, and we prefer to deal 
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with these separately before returning to a discussion of the original 
bromine precipitate. 

Product obtained after Solution of the original Bromine Precipitate 
in Alkaline Carbonate. The original precipitate, freed from excess of 
bromine by washing and dialysis, and while still moist, is dissolved in 
very dilute sodium carbonate solution. It dissolves with great ease 
and requires a strikingly small proportion of alkali for solution. The 
solution, which is yellowish or yellowish-brown in colour, is treated 
with a minimal excess of acetic acid, and the resulting white precipitate 
thoroughly washed with water and dialysed until entirely ash-free. It 
is then dried upon porous tiles, and afterwards in vacuo under sulphuric 
acid, until constant in weight. In some of our preparations the sub- 
stance was repeatedly dissolved in the alkali and reprecipitated with the 
acid, without effect, as analysis subsequently showed, upon the amount 
of halogen contained -in it. The substance so prepared is scarcely 
soluble in water and is insoluble in alcohol. It gives a well-marked 
violet biuret reaction and the xanthoproteic reaction, but no trace of 
colour with Millon’s reagent. 

When dissolved in alkalies it does not dialyse. Such solutions may 
be left in the dialyser until uncombined alkali is entirely removed; but 
no trace of a proteid derivative is found in the dialysate. Only when 
decomposition has commenced do any organic products pass ays 
the membrane. 

When moist and freshly precipitated it is white in colour; after 
drying it has the yellowish translucent appearance of dried albumen. 


Analysis’. 
Bromine 
of substance AgBr weighed per cent. 
0°2590 grm. 0°0233 3 ef 
0°3500 0°0316 3°85 
02120 0°0199 4-02 
0°2610 0°0242 3°95 
02800 0°0262 3°99 
Mean 3°93 


For determinations of the halogen in the substances described in this paper we 
have relied entirely upon Carius’ method of heating in sealed tubes with nitric acid 
and nitrate of silver. We tried various other methods, but found them unreliable. 
The tubes should be heated to 250°C. or upwards for 8 hours. Owing possibly to the 
formation of sulphonic acids the products are somewhat resistent to oxidation. In 


most cases we worked with proportionately large amounts of the substance for the pur- 
pose of simultaneous determinations of sulphur. 
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These figures were obtained from four distinct preparations, starting 
in each case with a different supply of egg-albumen; they will be further 
referred to in later sections. 

Products obtained when the original bromine precipitate is extracted 
with alcohol. If the bromine precipitate be treated with hot absolute 
alcohol, a large proportion, and under suitable circumstances the whole, 
goes into solution. The original precipitate should be filtered through 
linen and squeezed till free from any great excess of water, but should 
not be actually dried. It may be then rubbed in a mortar with cold 
alcohol to a thin cream, then transferred to a flask, mixed with a large 
proportion of the solvent and rapidly heated on a water bath till the 
spirit just boils. If the original proportion of alcohol be sufficient the 
whole will dissolve. Repeated and prolonged extractions with smaller 
quantities of the solvent appear to render the residue gradually less 
soluble. In any case the ready solubility in alcohol of a substance 
which, as we are to show, retains so many characters of the original 
proteid, is very striking. 

On thorough dilution of the alcoholic solutions with water the 
substance is precipitated; but for its preparation it is better to shake 
the spirit with an equal bulk of ether, when a snow-white precipitate 
is obtained which is easily filtered off and washed with ether. 

If the excess of ether be rapidly got rid of by the use of porous 


plates the substances may be obtained as a pure white amorphous 


powder. If more slowly dried it has the yellowish transparent 
appearance of egg-albumen. 

From preparations made by the general procedure just described 
we have obtained two series of analytical results. If solution in 
alcohol be carried out in the presence of excess of bromine—if for 
instance the original precipitate, unwashed and undialysed, be em- 
ployed; or if excess of halogen be added to the alcohol during 
extraction—the product precipitated by ether contains always very 
nearly 15 per cent. of bromine, If on the other hand the extraction 
with spirit is made in the complete absence of free halogen products 

are obtained which, though apparently of constant composition, con- 
2 less halogen. 

We may say at once that we attach more importance to the former 
and higher results for reasons which will become evident. 

The results which immediately follow were obtained each from an 
entirely distinct preparation made from a separate supply of albumen. 


In each case the alcoholic extract contained an excess of bromine, but 


— 
72 
‘ 
' 
* 
- 
— 
7 
* 
* 
> 
4 — 
“4 
“ 
* 
17 


HALOGEN PROTEID DERIVATIVES. 189 


the degree of excess varied greatly. Moreover the products as analysed 
represented quite different fractions of the original precipitate. In one 
case, for instance, practically the whole of the original bromine-pre- 
cipitate was dissolved in the spirit, in another about three-fourths, in 
others much less of the whole was dissolved. The products nevertheless 
will be seen to yield figures showing remarkably close agreement in the 
halogen-content. 


Analysis. 
of substance - AgBr weighed per cent. 
0°2050 grm. 0:07 22 14°98 
0°3695 0°1227 14°53 
0°1887 0-0660 14°88 
02050 00714 1482 
01998 00698 14°87 


Mean? 14°89 


The products which gave the above result were easily re-soluble 
in alcohol and the solutions did not dialyse at all against pure alcohol. 
They gave a well-marked violet biuret, and also the xanthoproteic 
reaction, but no trace of colour with Millon’s reagent. They dissolved 
easily in alkaline carbonate solutions and then yielded the same sub- 
stance as was obtained from the original precipitate after similar 
treatment (infra). 

We shall now give the analyses of products which were obtained 
when the original precipitate was heated with alcohol in the complete 
absence of free halogen. We are led to give them because, their 
analyses being so closely accordant, they may represent a definite 
stage of bromination of the albumenoid nucleus. But analyses of 
the original precipitate, after removal of uncombined halogen by 
simple washing with water and dialysis, indicate that its halogen- 
content agrees with that of the higher alcohol extractive rather than 
with that of the lower now referred to, and we believe that halogen 
is removed from the highly brominised product by heating with alcohol, 
unless free bromine is present. This is not an unlikely hypothesis if, 
as is almost certainly the case, these higher products contain additive 
bromine. The products, giving the following results, were also precipi- 
tated from alcohol by ether. In their general characteristics they agree 


1 This mean is calculated without inclusion of the result given second above. This 
was obtained very early in our work, ee 
to make complete oxidation somewhat uncertain. 
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with those containing the higher percentage. In each preparation a 
different proportion of the original bromine-free substance was dissolved 
in spirit but in all any addition of halogen was avoided: 


Substance taken AgBr weighed Bromine per cent. 
0°2300 grm. 0-0590 10°92 
0˙2828 00710 10°69 } 
0°2646 00664 10°69 
0°2461 0°0625 10°81 
0°3462 0-0888 10°91 

Mean 10°80 


Conversion of One Derivative into the Other. The two apparently 
well-constituted products which we have described, that obtained after 
solution of the original precipitate in sodium carbonate (3°92 per 
cent. bromine), and that obtained by solution in alcohol with excess 
of halogen (14°89 per cent. bromine), can be converted one into the 
other. 

A product of the former class was dissolved with the aid of a 
minimal amount of sodium carbonate, and the solution treated with 
excess of bromine. A heavy precipitate fell, and this was found to 
be soluble in alcohol and to have all the characteristics of more highly 


brominised products. Precipitated from alcohol by ether in the usual 


manner it gave the following result on analysis: 
0-2508 grm. gave 00707 AgBr = 15-10 per cent, Br. 


A product prepared by means of alcohol, and containing the higher 
percentage of bromine, was dissolved in sodium carbonate and precipi- 
tated with acetic acid. After washing and drying it gave the following 


result, having at the same time all the properties of products derived 


from the direct bromine precipitate by the same treatment: 
0-2765 grm. gave 0°0274 AgBr = 4°22 per cent. Br. 

It is clear therefore that the products containing the higher per- 
centage of halogen do not represent proteid derivatives of smaller 
molecular weight, but rather more highly brominised compounds of 
the same nucleus. We believe that after treatment with alkalies we 
have to deal with substituted bromine, whereas the original precipitate 
and the products obtained from alcohol contain additive bromine as well. 
We hope it may be possible to prove this hereafter by adding bromine 
to the chloro-derivative (infra) corresponding to the lower bromine 
derivative, 
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Analysis of the Original Precipitate. It did not seem d priori very 
likely that the precipitate directly obtained by the action of bromine 
upon solutions of egg-albumen would prove to be a definite product. 
A determination of the halogen after removal of uncombined bromine 
by washing and dialysis indicates however that the precipitate is in all 
probability composed—mainly at least—of the compound obtained after 
solution in alcohol with excess of halogen, and this is rendered more 
likely because the original chlorine precipitate agrees in like manner 
with the corresponding preparation (infra): 


0°2216 grm. gave 0°0646 AgBr = 14°04 per cent. Br. 


II. Chlorine Derivatives from Egg-Albumen. 


Egg-albumen is entirely thrown out of solution by excess of free 
chlorine as a white amorphous precipitate. White of egg should be 
largely diluted with water faintly acidified with acetic acid, filtered free 
from the precipitated globulins and mucoids and the filtrate treated with 
a stream of chlorine gas. The gas is absorbed with avidity, a bulky 
white precipitate rapidly forming. Precipitation is only complete when 
excess of halogen is present in solution. 

The precipitate when filtered off, washed, and dialysed till as free 
as possible from uncombined chlorine, is, like the bromine precipitate, 
completely and easily soluble in even very dilute alkaline solutions, a 
white product being reprecipitated on the addition of acetic acid. 
Treated with hot alcohol it goes into solution, and is thrown out on 
the addition of ether. 

Each of the products so obtained gives, like the corresponding 
bromine preparations, well-marked violet biuret and xanthoproteic 
reactions, but no colour with Millon’s reagent. Neither dialyses in 
solution. 

Submission to the action of free chlorine might be expected to 
be destructive treatment for such a substance as albumen. But 
absorption of the halogen and the precipitation of a product, clearly 
corresponding to that produced by bromine, is undoubtedly the main 
result of the action. We have not studied the products of any possible 
collateral changes; but such are certainly not produced in any large 
amount. 

The chlorine derivatives are less stable than those of the other 
halogens. The bromo- and iodo-products may for instance be dried 
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at 100°C. without change of composition, but the chloro-products 
darken and seem to decompose when dried in the water oven. 

With regard to the action of alkaline carbonates upon the original 
chlorine precipitate a point of difference from the bromine result must 
be noted. 

A solution of the bromine precipitate in alkaline carbonates loses no 
halogen even on prolonged standing. We obtained the same percentage 
of bromine in a product which had remained for three weeks in alkaline 
solution, as in others which were precipitated by acetic acid immediately 
after solution. In the case of the chlorine product such prolonged action 
of the alkaline carbonate reduced the halogen-content to one-half of that 
found on immediate precipitation. Beyond this however further standing 
produced no effect. As we shall show it is the lower of these products 
which corresponds to the bromine derivative. 


Analyses, (A) The original chlorine precipitate dissolved in excess of 
sodium carbonate and allowed to stand in the dialyser until no further 
chloride dialysed out. Precipitated with acetic acid, washed, dialysed and 
dried im vacuo under sulphuric acid. Two quite distinct preparations gave 
the following results : 

0-2002 grm. gave 00156 AgCl = 1°93 per cent. Cl 


(B) The original precipitate dissolved with the aid of a minimal amount 
of sodium carbonate, and precipitated at once with acetic acid. Results from 
distinct preparations : 

0°3620 grm. gave 00538 AgCl = 3-67 per cent. Cl 
01978 „ „ 00280 „ „ 
02074 „ „ 00904 „ 802 „ 10 


As in the case of the bromine precipitate, solution in absolute alcohol 
followed by precipitation with ether gives a product containing more halogen. 
It corresponds with the higher bromine derivative and has the same general 
characters : 

0-2174 grm. gave 0:0548 AgCl = 6-03 per cent, Cl 
02138 „ „ 00528 „ „ „ 

The original precipitate washed and dialysed, but without further treat- 

ment, was analysed: 


0.2410 grm. gave 0°0625 AgOl = 6-41 per cent. Ol. 
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III. Iodine Derivatives from Egg-Albumen’. 


Egg-albumen is not immediately precipitated by iodine at ordinary 
temperatures. Mixed with a strong solution of the halogen in potassium 
iodide it forms a precipitate upon long standing. At a temperature 
of 40°C. in the presence of excess of iodine precipitation is rapidly 
complete. 

The method we have usually employed in preparing products for 
analysis is to heat diluted and filtered solutions of the proteid on the 
water bath, using a flask provided with a thermometer. The tempera- 
ture is kept at 40° to 45° and finely powdered iodine gradually added, 
with vigorous shaking after each addition. At first the halogen is 
rapidly absorbed and the solution remains almost colourless. By the 
time excess is nearly reached a bulky precipitate will have formed. 
Only when the mixture retains a full brown colour is precipitation 
complete. It is important, of course, that the solution of albumen 
should at no time approach its coagulation temperature. The pre- 
cipitate easily dissolves in alkaline carbonate solutions and yields on 
reprecipitation with acids a substance which corresponds in properties 
and halogen-content with the similarly prepared bromine-derivative. 
But, whether free halogen be present or not, the original precipitate 
dissolves with much greater difficulty in alcohol, and we may say at 
once that we have not succeeded in preparing an iodo-derivative 
corresponding to the highest products of the action of chlorine and 
bromine. Such preparations as we have been able to make by the 
alcohol-ether method have shown a percentage of iodine too low to 
correspond with the compounds of the other halogens obtained by 
the same method, and they have not been of constant composition. 


The product obtained by dissolving the original precipitate in 


1 Lépinois (le. cit.) speaks of his product as iodo-casein. The one analysis given 
shows 21°6 per cent. iodine and 14 per cent. nitrogen. Lépinois’ product, as is clear 
from the method of its preparation, is undoubtedly mixed with iodo-compounds from 
lact-albumen, eto.; but the high percentage of halogen is remarkable. Working with 
pure casein we have obtained even higher figures. 

0. Kippenberger (Apotheker Zeitung, xu. p. 759) has recently examined what he 
calls iodo-albumen: He has not analysed the product, nor does he seem to recognize the 
definite nature of the derivative. 

Karl Dieterich (Chem. Centralbl. 1897, 1. p. 1129, and n. p. 428) has determined 
the iodine absorption of albumen, finding the extraordinarily high figure of 155. He 
separated no product for description or analysis. He made his experiments in the cold 
and therefore obtained no precipitation. 
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sodium carbonate and reprecipitating with acetic acid, had all the 
general properties of the corresponding chloro- and bromo- derivatives; 
and three distinct preparations gave the following results on analysis: 
0.2277 grm. gave 00263 Agl = 6-24 per cent. I 
02790 „ „ 008% , =629, „ 
02574 „ „ 00300 „ =630, „ 


Mean 6-28 „ 


IV. Comparison of the Analytical Data. 


Collating the percentages of halogen found in the compounds 
described in the previous sections we have the following series : 


Bromine Iodine 
Chlorine per cent. per cent. per cent. 


Product after treatment : : 
} (8:60 &) 1:89 3-92 6-28 

Product ipitated 
607 14.89 


Taking the lower series the bromine percentage is very nearly the 
mean of the chlorine and iodine percentages, in accordance with the 
relation which holds between the atomic weights of the halogens. 

If we compare the proportion which obtains between the atomic 
weights of the halogens and the percentages in our preparations we 
find a fairly close agreement in each series. Thus, calling the bromine 
values unity, we have: 


Chlorine Bromine Iodine 
Atomic weights 0°4433 1-586 
Percentage in lower a 
} 04822 1-602 
Percentage in higher 
0°4077 1 — 


Such approximate parallelism should be expected, as consideration 
will show, if the molecular weight of the compound is so high that 
variation in the atomic weight of the contained halogen bears but a 
small proportion to the whole. 

Our analytical data in the case of the chlorine and iodine derivatives 
are not yet sufficiently numerous to justify further discussion on these 
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lines; but it is clear that there is every indication that derivatives may 
be prepared from proteids containing each of the three halogens 
respectively in due proportion to the others. 


V. General Discussion of the Results. 


It will be held unlikely that halogen derivatives with chemical 
individuality, in the strictest sense, can be prepared by comparatively 
simple means from such a substance as egg-albumen—for which, itself, 
it would be bold to suggest individuality. 

But it is not possible that the congruence of analytical data, 
obtainable even in a preliminary and merely tentative study such as is 
embodied in this paper, can be without significance. The very exact 
agreement in percentage of halogen found in a series of products which 
(as in the case of the highest bromine derivative) certainly underwent 
something of fractionation, may have been aided by the fact that we 
have had to deal with very large molecules; but making allowance for 
this, the agreement is still very striking; and its significance is 
emphasised by the close approach to proportionality between analogous 
_ preparations made from the different halogens. 

If it should prove that these substances are, in any sort, entities 
deserving the attention of the chemist, we may hope that the pre- 
paration of halogen derivatives may prove as useful a first step towards 
the investigation of structure in the proteid group as it has done 
elsewhere in organic chemistry. 

We have at present made no serious attempt to obtain the products 
in crystalline form. Their general behaviour indicates that they will 
in all probability crystallize with no more readiness than does the 
original proteid. This is perhaps no matter for grave regret. The 
brilliant work of Schmiedeberg and Drechsel and the ingenious 
expedients of many who have followed them have given us a series of . 
crystalline proteids; but it cannot be said that the possession of this 
material has hitherto greatly influenced progress towards a knowledge 
of the proteid molecule. That the haloid products from egg-albumen 
are amorphous carries at least the suggestion that they are the less far 
removed from the mother substance. 

We may in conclusion review the other qualities in which our 
products agree with those of the original proteid, and note, at the 
same time, certain important differences. 

We have, in describing each product, emphasised the fact that no 
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one of them permits of dialysis when in solution. With this indication 
of high molecular weight—and we may say that other and more 
convincing evidence for this will be easily forthcoming—the fact that 
characteristic violet biuret and the xanthoproteic reactions may be 
obtained, suggests that an important part of the original proteid 
molecule is still intact. 

Much more cogent perhaps is the observation, not yet chronicled in 
this paper, that the products from egg-albumen though quite un- 
dialysable in sodium carbonate solution, and giving a violet biuret 
reaction, yield rapidly, on pancreatic digestion, diffusible substances 
which give a pink biuret reaction, and finally split up into crystalline 
derivatives. To trace the exact fate of the halogen under these 
circumstances is clearly an important problem for the future. 

The action of the halogen cannot be said to have removed from the 
product an essential resemblance to the original proteid. 

Two important differences are at once apparent however. We have 
already shown that none of the products yield any trace of colour with 
Millon’s reagent. This difference from the behaviour of the proteid 
becomes upon closer examination of no little interest. 

It would seem that the characteristic colour reactions which many 
aromatic bodies yield with Millon’s reagent are no longer to be 
obtained when balegen has entered the ring. We have found at any 
rate that tribromphenol yields no trace of the colour so readily given 
by phenol itself; and, what is still more suggestive, dibrom-tyrosin 
does not yield the colour reaction which is obtained from tyrosin itself. 
The absence of the reaction with the proteid derivatives may therefore 
indicate that the halogen has entered an aromatic nucleus in the 
molecule. We have not yet succeeded in removing the halogen satis- 
factorily, else it would be of importance to try the effect of Millon’s 
reagent after such removal. As yet we have experimented only with 


sodium amalgam, which proved unsatisfactory, as mercury compounds 


are formed which are difficult to deal with. 

Another noteworthy point of difference between the halogen 
derivatives and the original proteid is seen in the fact that the 
former yield no trace of lead sulphide when heated with alkaline 
solutions of lead salts. The sulphur is not removed, as none can be 
found in the filtrate from the original precipitate, and estimations by 
Carius’ method show that sufficient is present to account for the whole 
of that in the albumen. It probably therefore exists in a sulphonic 
or other oxidised group. 
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We are engaged in the proximate analysis of the compounds 
described and in a study of their physiological action. We are also 
preparing analogous derivatives from other proteids, and find that 
many interesting differences are to be seen even in proteids of the 
same group. The study of the behaviour of these substances when 
submitted to artificial digestion, or to other classical processes by 
which proteids are hydrolysed, and the fate of the halogen under these 
circumstances, are lines of work to which we hope to contribute our 
share in future papers. 


To Dr S. N. Pinkus our best thanks are due for his very valuable 
assistance. Some of the analyses given were made personally by him. 


Sept. 30, 1897. 


me * 
. 
ze 
« 
7 
* 
* 
* 
| 
> 
* 
A 
4 
. 
¥ 
Ya 
8 
2 
* 


ON THE PATHS OF ABSORPTION FROM THE PERI. 
TONEAL CAVITY. By S. J. MELTZER, M.D., New York. 


(From the Department of Physiology of Columbia University, at 
the Oollege of Physicians and Surgeons, New York.) 


THE new theory that absorption of fluids from the peritoneal cavity is 
accomplished chiefly by the blood vessels, i.e. the fluid enters into the 
blood directly through the walls of the blood vessels, was brought 
about by the following three different sets of experiments conducted 
independently by different investigators. Starling and Tubby’ found 
that coloured fluid introduced into the peritoneal cavity appeared first 
in the urine before it presented itself in the lymph flowing from the 
thoracic duct. Heidenhain“ and Orlow’ have established the fact 
that during the process of absorption of salt solutions from the abdominal 
cavity there is no increase in the flow of the lymph. Hamburger‘ 
finally reported that ligature of the innominate vein in rabbits (ligature 
of thoracic duct) does not influence the rate of absorption from the 
peritoneal cavity. 

In an article on this subject, however, by I. Adler and the writer“ 
it was conclusively demonstrated that neither the method which 
Hamburger employed nor his facts justify his positive conclusions. 
The rate of absorption varies too much in different rabbits to permit 
any comparison of rates under different conditions. With regard to the 
experiments of Heidenhain and Orlow we argued that though the 
facts in their experiments are unassailable the authors have not proved, 
and did not even attempt to prove, that the fluid which disappeared 
from the abdominal cavity actually entered into the blood. We have 
taken the ground that the salt solution which disappears from the 


1 Starling and Tubby. This Journal, XVI. p. 140. 1894. 

* Heidenhain. Pfliiger’s Archiv, p. 320. 1895. 

* Orlow. Pfliiger’s Archiv, L. p. 170. 1895. 

Hamburger. Archiv f. (Anat. u.) Physiol., 1895, p. 281. 

o J. Adler and S. J. Meltzer, Journal of Experimental Medicine, 1. p. 482. 1896. 
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peritoneal cavity of living and dead animals does not enter into the 
blood vessels but remains in the interstitial spaces of the surrounding 
tissue, and its primary effect upon the blood is to reduce correspondingly 
the exudation of an isotonic fluid from the blood into the so-called 
lymph spaces. Without entering here any further into a detailed 
discussion of these arguments, I will only say that the experiments of 
Heidenhain and Orlow also do not prove that where absorbed sub- 
stances actually enter into the circulation, they enter preferably 
through the walls of the blood vessels. 

Having thus disposed of two of the sets of experiments my attention 
was now turned to the third set, to the experiments of Starling and 
Tubby, which, if confirmed, would indeed prove the correctness of the 
blood-vessel theory of absorption. A short analysis of their work will, 
however, reveal some inconsistencies; and these led me to test their 
statements in a series of experiments. Starling and Tubby have 
studied the subject under the head of absorption from serous cavities, 
investigating the absorption from the peritoneal as well as from the 
pleural cavity. Altogether they made twelve experiments, nine on the 
pleura and three on the peritoneum, and they sum up the results for 
both cavities together. In all cases, they say, the urine became 
coloured before the lymph. Five to twenty minutes after the injection 
of the coloured fluid into the serous cavities the urine was as coloured 
as the injected fluid, while it took ten minutes to four hours before the 
lymph became slightly tinged with the colour. The authors arrive at 
the somewhat radical conclusion that it is even very doubtful “ whether 
the slight colouration of the lymph which was observed in these experi- 
ments is occasioned at all by lymphatic absorption.” If methylene blue 
or indigo-carmine, they say, be injected into the bloodstream, the lymph 
flowing from the thoracic duct within half a minute becomes coloured. 
(They do not tell us how soon under these circumstances the colour 
appears in the urine.) The writers therefore suppose that the colour 
of the lymph in their experiments may have been “caused by passage 
of coloured lymph from the blood vessels, not by any direct absorption 
of the blue from the serous cavity.” It seemed to me that their 
additional experiment on the injection into the bloodstream is not 
of a nature to strengthen their somewhat radical position. The 
coloured substance which leaves the blood to appear in the lymph 
enters first into the “lymph spaces”; so does that which is absorbed 
from the peritoneal cavity. Now while in the former case it takes the 
coloured substance less than half a minute to travel from the lymph 
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spaces to the thoracic duct, the coloured substance in the lymph spaces 
adjacent to the serous cavity does not in some cases, according to 
Starling and Tubby, reach the thoracic duct before four hours, 
and possibly never reaches it at all in the straight way of the 
lymphatic absorption. Furthermore, the writers were not fortunate 
in the selection of their illustrations. They publish two protocols, 
one from the experiments on the pleural and one from that on the 
peritoneal cavity. In experiment I., showing the absorption from the 
pleural cavity, the rate of the lymph flow before and shortly after the 
introduction of the coloured fluid into the pleura was 0°04cc. per 
minute. In all the numerous protocols of Heidenhain and others 
as well as in my own observations on the lymph flow I have never met 
with such a low rate. Besides, in this experiment, there was, contrary 
to their own statement, a distinct increase of flow with the progress of 
absorption, which, by the way, was exceedingly small, less than 0°05 c.c. 
per minute. There was certainly some abnormal condition present in 
this experiment and it cannot be regarded as proof against the parti- 
cipation of the lymphatics in the absorption from the pleural cavity. In 
experiment II., illustrating the absorption from the peritoneal cavity, 
the absorbed amount is also surprisingly small. During two hours and 
twenty minutes not more than 25 Cc. of the isotonic fluid were absorbed 
from the peritoneal cavity of a dog weighing about 5 kilos, making 
about 5 C. c. pro kilo. In the experiments of Orlow and of Heidenhain 
we find that the amount of isotonic fluid absorbed in about an equal 
period was never less than 10 Cc. pro kilo. 

The series of experiments of which I give an account here are in 
substance a simple repetition of those made by Starling and Tubby. 
I have confined myself, however, to the question of absorption from the 
peritoneal cavity’. 

The method was in the main the same as that employed by the 
authors mentioned; ie. coloured fluid was introduced into the peritoneal 
cavity and the first appearance of the colour in the lymph and the 


1 Incidentally I wish to remark that the factors controlling absorption differ so widely 
in the pleural and the peritoneal cavity that it is by no means justifiable to put them 
together under the one head of serous cavities and implicitly to draw conclusions as to 
one cavity from experiments made on the other. It will suffice to point out two such 
factors. 1. Recklinghausen, who established the great absorbing capacity of the 
peritoneal surface of the diaphragm for fluids containing corpuscular elements, found that 
the pleural surface did not absorb. 2. The presence of the respiratory mechanism in the 
exerts a special influence upon the process of absorption. 
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urine noted. A glass cannula, bent to a right angle, was tied in the 
left thoracic duct of a dog, in the usual manner. The right lymphatic 
duct was left untouched. With regard to the collecting of the urine, 
the method differed somewhat from that employed by Starling and 
Tubby. These authors described their method in the following way. 
“ A cannula was tied into the ureter, or in most cases into the bladder, 
either through an opening in the abdominal wall or through an opening 
in the urethra, which was exposed by splitting the symphysis pubis.” 
For reasons which I will touch upon later I avoided any method which 
implies the opening of the abdominal cavity or splitting the symphysis ; 
I therefore preferred to introduce a catheter into the bladder through 
an external opening in the urethra’ In female dogs this is quite a 
simple procedure. The catheter is introduced through the external 
meatus of the urethra which becomes plainly visible as soon as the 
posterior wall of the vestibule is split. In the male dog the catheter 
has to be introduced through an opening made by external urethrotomy 
which is by no means an easy task. I may also especially mention 
that after the introduction of the coloured fluid into the abdominal 
cavity the opening was carefully stitched and clamped and special pains 
were taken to prevent the entrance of the fluid into the space between 
the muscles and the skin. The animals were always anesthetized, 
mostly in the manner used by Starling and Tubby, tte. first by a 
hypodermic injection of morphine and then by inhalation of a mixture 
of A. C. x. (alcohol, chloroform, ether). The protocols of these experiments 
will speak for themselves. 


Exp. I. Male dog, 22 kilograms. At 5.20 p.m. injected about 76 c.c, of 
1% indigo-carmine. Wound thoroughly cleansed and clamped. Respiration 
and pulse continually good. Lymph flow fair, collected in a test tube. At 
5.34 lymph distinctly blue. Urine continues to be normal in colour until 
6.40 when the first greenish tinge appears, at 6.45 urine perfectly dark. 
Animal killed. The entire amount of lymph 15 c.c., average about 02 0. o. 
per minute, continued to be blue to the end. The colour appeared in the 
lymph fourteen minutes, in the urine eighty minutes after the injection of 
the indigo-carmine into the peritoneal cavity. 

Exp. 2. Male dog, 26 kilos. At 5.29 p.m. injected into peritoneal cavity 
50 c.c. of methylene blue (1°/,). Lymph greenish blue at 5. 55 pm. Urine 
shows tinge first at 6.49p.m. Flow of lymph never less than 04 o.0, per 
minute. Colour appeared in lymph twenty-six minutes, in urine eighty 
minutes after the injection of the methylene blue into the abdominal 
cavity. 
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Exp. 3. Male dog, 21 kilos (anesthesia by ether, tracheotomy, now and 
then, for a minute or two, artificial respiration). At 4.50 introduced into 
the abdominal cavity 40 0.c. of potassium ferrocyanide (10°/,), the presence 
of this salt in the lymph or the urine tested by perchloride of iron either on 
a small piece of absorbent cotton or in a test tube. At 5.4 the reaction of 
Prussian blue appeared in the lymph, the first faint reaction in the urine 
appeared at 5.45 and did not become distinct until ten minutes later. The 
urine was scanty. The reaction of Prussian blue appeared in the lymph 
fourteen minutes and in the urine fifty-five minutes after the injection 
of potassium ferrocyanide into the abdominal cavity. 

Exp. 4. Male dog, 30 kilos. At 5.27 p.m. injected 50 e. o. indigo-carmine 
(1°/,) into the peritoneal cavity. Lymph distinctly coloured at 5.40, urine 
tinged at 6.11 and quite dark at 6.15. Thirteen minutes for lymph and 
forty-four minutes for urine. 


Exr. 5. Female dog, 18 kilos. At 5.43 injected into abdominal cavity 
50 c.c, indigo-carmine (1°/,). Lymph reddish, clots readily and flows quite 
slowly. At 5.55 lymph tinges blue. The colour remained during the entire 
experiment quite faint. The urine becomes blue at 6.23. Twelve minutes 
for the lymph and forty for the urine. 


Exp. 6. Female dog, 28 kilos. At 4.15p.m. introduced into the 
abdominal cavity 50 c. indigo-carmine (1%). Lymph thin, hardly clots, 
flows freely. At 4.23 lymph distinctly blue, the urine becomes coloured at 
4.41. Lymph after eight and urine after twenty-six minutes. 


Exr. 7. Male dog, amount of lymph in five minutes measured throughout 
entire experiment. At 5,30 injected 500 c.c. of salt solution (0°2 °/,) containing 
five grams of indigo-carmine. Blue colour appeared in the lymph at 5.41 and 
in the urine at 5.53—eleven minutes for the lymph, and twenty-three minutes 
for the urine. The rate of flow of the lymph in the thirteen minutes before 
the introduction of the fluid into the abdomen was reduced from 1 c. c. p.m. 
in the beginning to 0°52 c. c. p.m. After injection it gradually increased to 
1°18 c. e. until 5.46 p.m. when it decreased again gradually to 0°7 c.c. p.m. 

Exp. 8. Female dog, 12 kilos. At 4.28 injected into abdominal cavity 
40.0. of salt solution (0°5°/,) plus 2c.c. methylene blue (1°/,) and at 5.6, 
500 c.c. of salt solution (0˙2 % ) was again introduced into the peritoneal 
cavity. At 4.44 the lymph appeared greenish blue. The urine though 
flowing liberally did not show any trace of the colour up to 6.0 p.m. when the 
experiment had to be discontinued. In this experiment, too, the lymph was 
measured every five minutes throughout the entire experiment. It started 
with 0°48 o.c. and came down to 0°28 cc. pm. shortly before the first 
injection. Then it varied irregularly F 


throughout the rest of the experiment. 
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Exr. 9. Male dog, 10 kilos. At 4.30 injected into the peritoneal cavity 
50 co. of indigo-carmine (1°/,). Flow of lymph good, lymph bluish at 4.43, 
urine blue at 4.53—thirteen minutes for lymph and twenty-three minutes for 
urine. 

Exe. 10. Male dog, 30 kilos (anmsthesia by ether). At 5.36 injected 
into abdominal cavity 80.c. of potassium ferrocyanide (12°/,). Lymph 
shows reaction of Prussian blue at 6.11, urine shows no trace at 6.35 when 
experiment had to be discontinued. 


In all these ten experiments, the coloured fluid or the characteristic 
reaction of Prussian blue appeared invariably in the lymph distinctly 
earlier than in the urine—the reverse of the result obtained by 
Starling and Tubby. I possess protocols of a few more experiments 
which I abstain from recording here as they do not bring out any 
important new points, but in which again the colour or the reaction (of 
salicylate of sodium) appeared first in the lymph and later in the urine. 
The lapse of time between the injection into the abdomen and the 
appearance in the lymph was in all the experiments approximately the 
same—an average of fifteen minutes. Of course, the rate of flow, the 
coagulability etc. had some influence upon the length of the interval, 
but they seemed to influence rather the intensity of the colour or 
reaction than the time of its first appearance in the lymph. On the 
other hand the time for the first appearance of the colour etc. in the 
urine varied considerably in different experiments. The rate of flow of 
the urine had hardly any distinct influence upon the time of the 
appearance of the colour in it. I shall not attempt to discuss here the 
possible causes which hastened or retarded the appearance of the colour 
in the urine. I wish only to add that, in the few experiments I made 
by injecting coloured fluid directly into the circulation, the colour 
appeared in the lymph before it appeared in the urine; the interval 
for the lymph was approximately constant, while the interval for the 
urine was quite variable—between seven and thirty-four minutes. 

However, the determination of the intervals which elapse between 
the introduction of the substances into the peritoneal cavity and their 
appearance in the lymph and in the urine is of secondary importance, 
at least in our present discussion. The sole object of the series of 
experiments which I have reported here was to test the statement of 
Starling and Tubby that coloured fluids injected into the peritoneal 
cavity appear in the urine earlier than in the lymph. As I have said 
in all my experiments the colour or the characteristic reaction appeared 
in the lymph unmistakably earlier than in the urine. Starling and 
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Tubby have made three experiments on the peritoneal cavity’, I made 
fourteen. It is hardly possible to give any decisive explanation of the 
differences of the results. It might be pointed out, however, that 
Starling and Tubby have apparently used very small dogs for their 
experiments, which could account in some degree for the delay of the 
substances in the lymph, as the lumen of the cannula which they had 
to employ must necessarily have been quite narrow, which would in 
itself be sufficient to retard the flow, but would the more do so by 
giving rise to the formation of a partial clot, I may remark that a 
partial clot may retard the flow without stopping it altogether. 
Experiment I. of Starling and Tubby seems to sustain this suggestion. 
As to the exceedingly early appearance of the colour in the urine in 
some of the experiments of Starling and Tubby I would recall that 
the method which they have employed permits a suspicion that some of 
the coloured fluid entered directly into the bladder or urethra. It 
seems that in closing the wound they have omitted to stitch and clamp 
the muscles of the abdomen, but had one limb of the cannula “ fastened 
by ligatures round the skin of the wound.” Such a method allows the 
fluid to escape from the abdominal cavity and pass between muscles 
and skin along the linea alba down to the symphysis which was split 
for the purpose of introducing a cannula into the bladder. 

We have thus been able to refute the claims of the entire chain of 
experiments brought forward in favour of the theory that the peritoneal 
absorption takes place through the walls of the blood vessels and not 
by way of the lymphatics.) We have shown that if the method 
employed in Hamburger’s experiments permits any positive conclusion 
this would come out rather against than for the conclusion drawn by 
him. 

Against the experiments of Starling and Tubby in favour of the 
blood-vessel theory we brought experiments showing results just 
exactly the reverse of theirs. 

We have finally shown that the experiments of Heidenhain and 
Orlow, though true in their facts, do not permit any conclusions in 
favour of one or the other theory. 

On the other hand, the experiments of Adler“ and myself with 
strychnine and potassium ferrocyanide have shown that these substances 


1 For reasons I have stated above I do not believe that their experiments on the 
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under normal conditions are preferably absorbed by the lymphatics. 
But they have also shown that when the lymphatics are blocked, the 
substances mentioned can be taken up also by the blood vessels, 
though the absorption appears under these circumstances to be very 
much retarded. It must, however, be pointed out that in these 
experiments we only know of the absorption of these substances alone 
and not of the fluid medium in which they were dissolved, and we 
must also bear in mind that the substances which were employed in 
these experiments are normally foreign to the animal body. Of the 
fate of the solvent, however, we know as much as we know of that of 
the plain salt solutions which are brought into the peritoneal cavity 
without the admixture of a substance foreign to the animal body, 
i.e. we know very little. What we positively know is only that they 
disappear in the adjacent interstitial spaces but we have so far no 
experimental proof as to their further fate, and all that can be said 
about it as yet is mere hypothesis. I believe, however, that in the 
consideration of this question a certain progress is made by the 
introduction of the interstitial spaces as a first station in all cases of 
absorption of fluid from the peritoneal cavity and also as a final station 
for the absorption in dead animals. 
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ON THE ELIMINATION OF WATER AND OF CARBON 
DIOXIDE FROM INFLAMED SKIN. By WAKELIN 
BARRATT, MD. 


[From the Pathological Chemistry Department, University 
College, London.] 

In a previous paper’ the effect of cyanosis on the elimination of CO, 
and H, O from the skin was determined in contrast to the normal out- 
put. As a further investigation into this subject the influence of 
inflammation on the gaseous and aqueous exchange of the skin has 
now been studied. The skin of the left upper limb was chemically 
irritated over its whole extent, that of the right limb remaining 
normal; a comparison of the output of water and carbon dioxide 
in both limbs was then made, the ratio between the two when the 
skin of each was normal having been previously determined. 

The most convenient irritant for producing inflammation was found 
to be carbolic acid, as with this any desired degree of dermatitis can 
be readily excited while it is not difficult to stop short of vesiculation 
or sloughing, even though subcutaneous cedema is produced. In the 
earlier experiments liquefied carbolic acid [90°/,] was used, and sub- 
sequently a solution of carbolic acid in glycerine [20°/, to 50°/,]; the 
former generally affected the skin too much, the latter too little. 
Ultimately a 30°/, solution of carbolic acid in methylated spirit was 
employed ; after a little practice it was found possible to apply this 
liquid in a thin layer so as to produce a dry dermatitis lasting 
sufficiently long for the condition of the CO, and H,O output to be 
determined. 

Before describing the effect of inflammation on the activity of the 
skin, it will be as well to enumerate the chief macroscopic appearances 
and histological changes which result from the application of carbolic 

„„ Towards the expenses of this research a grant was made by the British Medical 
Association, on the recommendation of the Scientific Grants Committee of the Association. 
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The course of events in the experiments quoted in Tables II, IV 
and V, was as follows. The condition of inflammation which was 
produced reached its height in about three hours, The whole of the 
surface (with the exception of the palm which, owing to the thickness 
of its horny layer, shows no redness until desquamation occurs) presents 
at first a white urticarial swelling, which later becomes pink and finally 
red; and is attended with some edema generally most marked over 
the back of the hand and in front just above the wrist. The redness 
commences to subside to some extent at the end of six to eight hours, 
though at the end of twenty-four hours about four-fifths of the surface 
are still of a bright red colour. At the end of a week only about one 
quarter of the limb is of a dusky-red colour, and even at the end of 
a fortnight or longer a few red areas still persist. The surface after 
the application of carbolic acid is dry and harsh and free from perspira- 
tion, these features being especially noticeable over the palms and to 
a less extent over the backs of the hands. Desquamation commences 
during the second week and is usually nearly completed by the 
fourteenth day. The condition of the skin is therefore that of a dry 
dermatitis, vesiculation and the formation of bulle being avoided. 
When desquamation is complete the skin resumes its normal characters, 
but little trace of the inflammation still persisting. 

When a section of the inflamed skin is made on the third or fourth 
day, the histological changes met with are few in number and slight in 
degree. The collagen bundles of the corium appear separated from 
each other, owing to the exudation of serous fluid. The blood vessels 
are usually not dilated ; some perivascular cell-infiltration is to be noted 
and basophile granule-cells are seen, In the epithelium dilatation 
of the inter-prickle spaces is found, the prickles themselves being 
stretched. 

The method of estimation of CO, and H,O employed was precisely 
the same as that used in the former work, in which the mean error of 
a single experiment was in the case of H,O less than 41% of the 
whole amount collected, and for CO, where much smaller quantities are 
dealt with about +5°/,. It should be borne in mind that, as already 
shown, owing to the diurnal variations of out-put it is not possible to 
draw any conclusions by a comparison of the average out-put of H,O 
or CO, (calculated as the mean of a number of experiments performed 
on different days) when the skin is healthy, with that occurring when 
a condition of dry inflammation has been produced by the application 
of carbolic acid. But by making use of the fact that the horal varia- 
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tions of activity of the skin are much slighter than the diurnal’ the 
normal out-put from one limb can be taken as an index of the normal 
out-put from the other [see Tables I and III], and in this way the 
influence of inflammation on the gaseous and watery exchange of the 
skin can be determined. The out-put from the two limbs in experi- 
ments made in immediate succession, the skin being normal in each, 
presents however larger variations than those occurring when the same 
limb is used for both estimations. This appears to be dependent on 
the fact that the two limbs cannot be kept under absolutely identical 
conditions throughout the period of experiment; as a consequence 
observations made in this way do not possess an extreme degree of 
delicacy, a point which will be referred to later on. It should also 
be mentioned in this connection that even a slight degree of inflam- 
mation applied to so large a surface (about one-eleventh of the total 
bodily surface) causes at first some degree of general depression, and 
this may possibly aid in producing irregularity in the activity of the 
skin. Moreover, as shown in Tables I and III, the out-put of the right 
limb is greater than that of the left, though the limb is in each case 
exposed up to the same level. This appears to be chiefly due to the 
fact that the farmer is of slightly greater length and circumference 
than the latter, consequently exposing a somewhat larger surface, In 
the subject of the present experiments the area of the right limb was 
estimated to be about 8°/, more than that of the left. 


The out-put of H. O. 

The estimation of water given off by the skin is simpler and 
requires fewer precautions to ensure accuracy than that of carbon 
dioxide. In addition the quantities to be dealt with are larger, and 
the influence of inflammation is considerable in amount. 

The ratio between the out-put of the two limbs in experiments 
made in immediate succession is exhibited in Table I. The mean 
elimination of H, O from the right limb is 460 grm. per hour while the 
left gives off 3:90 grm. H,O per hour; so that the ratio of right to left 
is 100 : 849. Somewhat marked variations are shown in individual 
pairs of estimations, but these do not prevent the influence of inflam- 
mation from being shown in a striking manner. In Table II the mean 
amount of H, O eliminated per hour from the normal limb is 5-52 grm., 
while that eliminated from the inflamed limb is only 2°64 grm. per 


Loc. cit. pp. 201 and 205. 
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Taste I. 


Showing the amounts of H,O given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate sucves- 
sion. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes. to 


A B 0 
given off off by left 
No. of Exp b. Skin — Skin 
233 378 3°73 
272 5°06 3:78 
273 6°64 4°30 
274 4°93 4°22 
275 3°70 3°50 
277 3°51 3°92 
Mean 4°60 3-90 = 875 
II. 


Showing the amounts of H,O given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate succes- 
sion. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes. 


A B 
off off by left 
282 6-46 2-46 
284 6-49 2-79 
287 4.82 2.29 
289 5-16 3-11 
293 4-69 2-56 
Mean 5°52 24 100 


hour; the ratio of the out- put of the two limbs, right to left, becomes 
now 100: 47-8. The lowering of the out- put of water caused by inflam- 
mation is in each experiment very marked. Since the average out- put 
for the left limb, when calculated by the results obtained in Table I, 
would be 469 grm. per hour, it follows that the diminution of the 
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average out-put to 1°98 is equivalent to a reduction of out-put on the 
left. side of 200 56:34), 

The estimations quoted in Table II were all made while the harsh 
dry horny epidermis remained adherent and before the advent of 
desquamation (some cracking of the cuticle along the larger fissures 
and furrows however occurred after the second day). 

It is further seen ‘in Table II that the average out-put of H,O from 
the normal limb is greater than that obtained in the previous series of 
experiments. This accords with the circumstance that in every case 
when carbolic acid was applied to the limb, there was a general 
tendency to increased perspiration, even after slight exertion, during 
the first two or three days after the application, this coinciding with 
the condition of depression and lassitude already referred to. 

The influence of inflammation on the H,O out-put is in reality 
somewhat greater than is shown in Table II since in these experiments 
no application of carbolic acid was made to the finger-tips of the left 
upper limb. It is interesting to note that these, in striking contrast to 
the rest of the hand, remained moist, being in fact like the finger-tips 
of the right limb, more moist than usual during the first few days. 


The out- put of 00, 


In investigating the out-put of carbon dioxide from the skin under 
pathological conditions it was necessary to perform a series of experi- 
ments day after day both with normal and inflamed skin, and as in this 
investigation certain normal variations were found to occur which are 
not mentioned in my previous paper and which tend to obscure the 
influence of the pathological state studied, it is necessary before proceed- 
ing further to refer to these points. In the first place, it is found that 
in addition to the diurnal variations in the quantity of carbon dioxide 
eliminated by the skin, there are seasonal differences exhibited by 
series of experiments performed at intervals of months. Secondly, 
owing to the one limb being first exposed to the air before being put 
in the receiver for comparison with the other, the differences between 
successive experiments on the two limbs do not coincide so closely as 
those obtained in the previous paper when the limb experimented on 
remained continuously in the receiver. 

In Table III a comparison between the two limbs under normal 
circumstances is made, and it is seen that the mean quantity of CO, 
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III. 


Showing the amounts of CO, given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate succes- 
sion. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes. 


C 
co off off by left 
No. of Exp. r 
259 0108 0100 
262 0116 0104 
264 0127 0117 
266 0128 0100 
268 0085 0083 
270 0105 0092 
R 100 
Mean 0112 0098 L 878 


given off from the right limb was 0112 grm., while that from the left 
limb was 0098 grm.; so that the ratio between right and left is 
100 : 87°8. The larger quantity of carbon dioxide given off from the 
right limb would appear to be due, as in the case of water, to the 
somewhat larger area submitted to experiment on this side. 

In Table IV the effect of inflammation on the left limb was investi- 
gated. During the first four days after the application of carbolic acid, 
that is to say during the time when the inflammation was at its height 
and the dry harsh condition of the skin most marked, the quantity of 
CO, given off from the right limb was 0104 grm. per hour, and that 
given off by the pathological left limb was 0091 grm. per hour, the 
ratio of right to left being 100 : 87:4, so that here inflammation has, so 
far as these experiments show, produced neither increase nor decrease 
in the quantity of CO, eliminated by the inflamed limb, while during 
these four days no less than seven successive experiments were made. 
No further experiments were then made until desquamation was com- 
pleted, on the ninth day. During the following three days six successive 
experiments were made and the average quantity of CO, given off from 
the normal limb was 0112 grm. per hour while the inflamed limb gave 
off no less than 0145 grm. CO, per hour, the ratio between right and 
left being 100: 130. It is thus seen that following desquamation there 
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Taste IV. 


Showing the amounts of CO, given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate succes- 
sion. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes. 


A B C 

No. of Date of 

Exp Skin normal Skin inflamed 

309 Ist day 0135 0089 

310 0103 0116 

311 aud „ 0092 0081 

312 8 0103 0108 

313 ard „ 0083 0075 

314 ard „ 0139 0087 

315 4th „ 0071 0079 
0091 223 

323 10th day 0100 0132 

324 10th „ 0127 0197 

325 1 0088 0131 

326 llth „ 0087 0172 

327 12th „ 0100 0108 

328 19th . 0173 0133 
Mean 0112 0145 > 


is a marked increase in the quantity of carbon dioxide given off by the 
pathological limb. 

Having found that during the first part of the inflammatory period 
the quantity of CO, eliminated was in no way altered, while after 
desquamation had occurred an increase took place, it was deemed 
advisable to try to trace the changes in the amount of CO, out-put 
throughout the whole period of inflammation and resolution. There- 
fore in Table V the experiments were continued throughout sixteen 
days, each day one normal and one pathological experiment being made. 
During the first four days of severe inflammation the average quantity 
of carbon dioxide given off from the normal limb was 0073 grm. per 
hour, while that given off from the inflamed limb was 0063 grm. per 
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Taste V. 


Showing the amounts of CO, given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate succes- 
sion. Temperature of the water-bath surrounding the limb 35° O. 1 
are given in 


4 | 0 
off off 

No. of Date of limb. 
339 Ist day 0075 0065 
340 2nd „ 0072 0064 R 100 
342 4th „ 0061 0049 
344 bth „ 0081 0059 
345 6th ,, 0059 0060 
346 8th „ 0083 0060 R 100 
347 9th „ 0087 0084 0052 065 7 75 
348 10th „ 0106 0079 
349 llth „ 0096 0080 
350 13th „ 0067 0065 1 100 
35¹ 15th „ 0085 0080 188 
352 16th „ 0088 0085 

Mean 80 0067 


hour, the ratio of right to left being 100 : 86°3 or slightly less than that 
found in the normal condition [Table III] or during the first four days 
in the preceding experiments [Table IV]. From the fifth to the 
eleventh day, during which desquamation was taking place, the average 
quantity of carbon dioxide eliminated from the normal limb was 
0084 grm. per hour, and from the inflamed limb 0065 grm. per hour, 
so that the ratio of right to left became 100 : 75; in other words the 
out-put of CO, on the left side was diminished, and this is probably to 
be explained by the surface being more thickly covered with horny 
epidermis. From the thirteenth day to the sixteenth day, when de- 
squamation was practically complete (this corresponding to the tenth to 
the twelfth day of the preceding experiments, Table IV), the average 
quantity of CO, given off frum the normal skin was 0080 grm. per hour, 
while from the inflamed skin 0077 grm. CO, was eliminated per hour, and 
thus a relative increase is observed though smaller than in the previous 
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experiments, the ratio of right to left being 100: 962. The difference 
found in Tables III and V seems to be explained by the fact that the 
inflammation produced in Table IV was severe while in Table V it 
was of a slighter character; in the former desquamation commenced 
at the end of the first week and was practically complete before the end 
of the second week, the surface being then thinly covered with horny 
epidermis, in the second case desquamation commenced later, was less 
abundant and was completed later’. 


_ SUMMARY. 


As the result of the experiments above described, it appears that in 
a condition of dry dermatitis produced by the application of carbolic 
acid : 

1. The out-put of H,O is considerably diminished, the horny 
epidermis becoming at the same time harsh and dry. This diminution 
amounted, in the experiments made, to an average of 563 %, and 
persists until desquamation is completed. 

2. No marked alteration of the CO, out-put is to be observed 
during the first few days when the inflammatory process is of greatest 
intensity. Subsequently when desquamation takes place and the skin 
is covered with a thinner coating of horny epidermis, there appears 
a tendency to increased out-put of carbon dioxide with or without a 
preceding slight decrease. 

My warmest thanks are due to Prof. Vaughan Harley, in whose 
laboratory this research was conducted, for his constant assistance and 
advice throughout the protracted period of labour which it has in- 
volved. 


The average out- put of carbon dioxide from normal skin of the upper limb, shown in 
Tables III, IV and V, is found to be smaller than that obtained in the experiments 
already published. This is due partly to a slightly smaller area of surface being used for 
experiment, but is chiefly in consequence of a different subject being employed in this 
research, 
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ON THE REGENERATION OF PRE-GANGLIONIC AND 
OF POST-GANGLIONIC VISCERAL NERVE FIBRES. 
By J. N. LANGLEY, F.RS., Fellow of Trinity College, 
Cambridge. 


ABOUT two years ago, II gave an account of an experiment upon 
the regeneration of the cervical sympathetic. In this experiment 
the nerve was cut between the inferior and the superior cervical 
ganglion, and a year later, the upper thoracic spinal nerves were 
stimulated in the vertebral canal. It was found that each of the 
upper seven thoracic nerves—i.e. each of those which send nerve 
fibres to the cervical sympathetic— produced with considerable exact- 
ness its normal and characteristic effect, and had again become 
connected with the nerve cells of the superior cervical ganglion. 
The result was sufficiently curious to make further experiments 
desirable. 


PRE-GANGLIONIC FIBRES. 


I have made four experiments on lines similar in the main to those 
of the original experiment. The operation was performed upon ether- 
ized animals (half-grown cats). In each case the cervical sympathetic 
was simply cut in the neck, the vagus being left intact. The retraction 
of the two ends of the nerve is slight on section—about a millimetre— 
but it is not improbable that the distance is increased by movements 
of the head, in the early days after the operation. In two cases both 
cervical sympathetic nerves were cut, so that the condition as regards 
regeneration was observed in six cases, The place of section of the 
sympathetic and the time allowed for regeneration are shown in 
the following Table. 


1 This Journal, xvi. p. 280. 1895. In this Paper, in line 1, vend 
* nerves,’ and in line 25, p. 283, for ‘cut’ read ‘cat.’ ‘ 
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Tax I. 

Reference Reference Right or Left Time allowed for Regene- 
number of Where cut cation. 
A 1 Right About middle of neck 15 months, 21 days 
B 2 Left About middle of neck 14 months, 4 days 
0 3 Right 14 om. below sup. o. gang. 2 months, 4 days 
4 Left 4 cm. below sap. o. gang. 2 months, 4 days 
D 5 Right 1 cm. below sup. o. gang. 5 months, 10 days 

6 Left 34 om. below sup. o. gang., 7 


and 2cm. below sup. o. 
gang. after 8 mos. 15 days 1 month, 28 days 


In all six cases the cervical sympathetic recovered its function. 
The various effects produced by stimulating the spinal nerves can 
be shown concisely by putting them in a tabular form. This I have 
done in Table II. Opposite the number indicating a spinal nerve 
are given the effects observed on stimulating it, and against each 
of these are placed numbers showing in which cases the effect was 
obtained. Thus the Ist thoracic caused good dilation of the pupil 
in Exps. 1, 3, 4, 5, 6, and moderate dilation in Exp. 2. 

The records of the effects which I have obtained after section and 
regeneration of the cervical sympathetic, but which I have not obtained 
in the normal animal, are enclosed in brackets. It will be noticed that 
the number of spinal nerves stimulated varied somewhat in the different 
experiments. 


One or two other points relating to these experiments may be mentioned. 
Chloroform was used at first as the antesthetic, and later the A. C. k. mixture. 
In all cases the spinal nerves were tied and cut outside the dura mater, The 
spinal cord in the region of the ligatured nerves was removed, since unless 
this is done there is great danger of reflex effects, especially on the pupil 
and eye. 

Exp. 2. The secretion of sweat on the pads of the fore-foot was noted. 
The innervation was normal (op. Journ. Physiol. xu. p. 366, 1891, xvu. 
p. 306, 1894). The first three thoracic nerves caused no secretion; the 
effects of the others were; rvth—trace on inner half of foot; vth—moderate, 
but slow; vith—moderate to good; viith—maximum; vnith—good, most on 
outer part of foot. 

Exrs. 5, 6. The vith and vitth cervical nerves were stimulated. They 
produced no visceral effect. The ist thoracic nerve was the lowest to cause 
movement of the foot. The hairs of the face remained erect for a consider- 
able time after stimulation of the pilo-motor nerve fibres, and when they were 


_ smoothed down, returned gradually to the erect position. 
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A divergence from the normal might be shown by the regenerated 
nerve fibres either in the direction tN toy. or in the direction 
of excess. On the one hand a particular spinal nerve might have 
less effect than usual, or have no effect, on one or more of the tissues 
which it normally supplies; or, on the other hand, it might have a 
greater effect than usual on one or more of the tissues which it 
normally supplies, or it might send fibres to a tissue to which normally 
it sends none. 

Some deficiency of innervation after regeneration seems almost 
inevitable ; for an examination of sections of the regenerated nerve, 
taken through the region of the original cut, shows that a certain 


number of the fibres of the central end lose their way in the connective 


tissue growth and end blindly. | 

Nevertheless a deficiency of innervation is not as a rule striking 
in the experimental results. In the experiment I gave formerly, the 
spinal nerves on the regenerated side had in most, but not in all cases 
rather less effect than on the untouched side, In the experiments given 
here, the deficiency is in most cases slight, and only in one or two is it 
really considerable. In Cat B (cp. Table I.) the effects of stimulating 
the spinal nerves on the two sides were compared. As regards the 
hairs, the nictitating membrane and eyelids, no difference was observed 
in the efficiency of the corresponding nerves. The Ist thoracic 
nerve caused somewhat prompter dilation of the pupil on the right, 
the intact side, than on the left, but to make up for this the 3rd 
thoracic on the right side caused less dilation of the pupil than that on 
the left. As regards the effect on the vessels of the ear, however, there 
was a distinct, though not great difference; the und to vth thoracic 
nerves inclusive caused prompter or greater contraction of the arteries 
of ear on the right side than on the left. 

In the other animals, A, C, D, this comparison either was not, or 
could not be made. But if we compare the results which were 
obtained in these animals with those which occur in un-operated 
animals, we find that there are hardly any effects which do not come 
within the limits of normal variations. Those which do not—so far 
as my experience goes—concern the contraction of the arteries of the 
ear. Normally the Ivth thoracic nerve causes fairly quick and complete 
contraction of the auricular arteries, and usually the vth thoracic causes 
distinct, if slow contraction. After regeneration of the cervical sym- 
pathetic the rvth thoracic nerve in two cases (Nos. 5 and 6) was nearly 
ineffective—apparently causing a slight contraction—and the vth 
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thoracic in three cases (Nos. 3, 5, 6) either had no effect or at most 
a very slight one on the vessels of the ear. 


In Exp. 3, the vth thoracic nerve had less effect on the hairs than usual. 
So far as the hairs of the neck are concerned this might have been caused by 
implication of one or more of the grey rami to the 2nd and 3rd cervical 
nerves, since the sympathetic was cut near the superior cervical ganglion 
(cp. Proc. Physiol. Soc. This Journ. xtv. 1893). And the effect of the rvth 
thoracic on the hairs was less than would have been expected from a 
comparison with the opposite side (Exp. 4). 


On the whole, the deficiencies in the recovery of function by the 
spinal nerves are not more than we should expect to be caused by 
errant and unattached fibres of the central end of the cervical sym- 
pathetic. 

We may turn then to the remaining and more important alternative 
of a spinal nerve acquiring greater and other functions than it normally 
possesses. I have not found any quite certain instance in which a 
nerve increased in functional power by regeneration of the cervical 
sympathetic, but it is possible that the fairly prompt erection of hairs 
caused by the IIird thoracic nerve in Exps. 5 and 6 may come under 
this head. There are however instances (cp. Table II.) in which a spinal 
nerve had an effect on a tissue which it is not known to influence 
normally. How rarely this occurred will be seen if we consider 
the several tissues which are influenced by the cervical sympathetic. 

The first seven thoracic spinal nerves and no others send nerve 
fibres to the cervical sympathetic in the cat. Normally the first three, 
and the first three only, send fibres to the pupil. In each case, after 
regeneration of the cervical sympathetic, the first three thoracic nerves 
and these only caused dilation of the pupil. 

The first five thoracic nerves send fibres to the unstriated muscles of 
the orbit, of the eyelids and of the nictitating membrane’. This was 
the case also after regeneration of the cervical sympathetic. In two 
cases (Nos. 2 and 6) the vith thoracic caused a very slight movement of 
the nictitating membrane, but since in one of these (No. 2) the vith 
thoracic on the un-operated side had the same effect, the result is 
to be attributed to a rare variety of innervation, and not to a change 
caused during regeneration. 

In one case (No. 6) the vnth thoracic nerve also caused a very 


1 Phil. Trans. Roy. Soc. 183, p. 92. 1892. 
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slight movement of the nictitating membrane. This, so far, has not 
been observed in the un-operated animal. 

The spinal nerves which usually send fibres to the vessels of 
the ear’ are the nnd to the vth thoracic inclusive. After regeneration 
of the cervical sympathetic, there is only one case—and that a doubtful 
one—in which a spinal nerve in addition to the normal four had 
an effect on the ear. This was in No. 2. Here the vith thoracic 
apparently caused a slight contraction of the artery, but fortunately 
the cervical sympathetic of the opposite side had not been cut, so that 
the opposite vith thoracic could be used to discover the normal state 
of things and it was found to produce the same very slight and doubtful 
arterial contraction. 

Lastly there is the innervation of the face and of the upper part 
of the neck. Normally* I have not found that the Ist or the mnd 
thoracic nerve has any effect on the hairs. After regeneration of the 
cervical sympathetic, the first two thoracic nerves in Cat D—on both 
sides—caused erection of the hairs on the face and neck. This result 
affords some evidence that a rearrangement of nerve fibres had taken 
place during regeneration, and that fibres running before section, to nerve 
cells supplying the eye or its neighbourhood, attached themselves after 
section, to nerve cells supplying the muscles of the hairs. The evidence 
for this would obviously be more satisfactory if the nerve had been 
cut on one side only, and the Ist and tnd spinal nerves on the uncut 
side had produced on stimulation no pilo-motor effect. 

But though we allow the possibility of nerve fibres of one class 
occasionally becoming connected, during regeneration, with nerve cells 
of another class, it is clear that the several classes of regenerating 
nerve fibres exercise a remarkable selective power in making their 
new connections. 

I do not see any feasible means, except chemiotaxis, by which the 
nerve fibres could pick and choose the nerve cells with which they 
become connected. Chemiotaxis might come into action either as the 
result of a specific difference between the several classes of nerve fibres 
and between the several classes of nerve cells, so that a particular 
nerve fibre would be attracted by a nerve cell of its own class; or as 
the result of a specific difference between the different nerve fibres only, 
so that the central end of a nerve fibre would be attracted by the 


1 Cp. Phil. Trans. Roy. Soc. 188, p. 101. 1892. 
2 Cp. This Journal, xv. pp. 218, 217, 221. 1893, 
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degenerating residue of a fibre of its own class, and possibly by that 
of the particular fibre with which it was formerly in continuity’. 

In the preceding account it has been necessary for the sake of 
clearness to assume that the spinal nerves after regeneration produced 
their effect by fibres taking the course of the cervical sympathetic, 
and that these fibres had formed terminations in the superior cervical 
ganglion. Both assumptions were shown to be justified in particular 
cases. 

In animals C and D, after the effects of stimulation of the spinal 
nerves on both sides had been observed, the cervical sympathetic was 
cut on one side, and the stimulation repeated; on the cut side the 
spinal nerves produced none of the effects given in Table II. Hence 
the nerve fibres took the course of the cervical sympathetic. 
The peripheral end of the cervical sympavhetic was then stimulated, 
the normal effects noted, and 10 to 15 mgrms. of nicotin injected 
into a vein, After this, stimulation of the sympathetic was ineffective ; 
stimulation of the superior cervical ganglion caused all the effects 
previously caused by the sympathetic. In about 20 minutes the cer- 
vical sympathetic began to recover its function, and on the nictitating 
membrane earlier than on the pupil“. In the experiment described 
formerly (op. cit. supra) a similar paralysis of the sympathetic was 
produced by local application of nicotin to the superior cervical 
ganglion. Hence the regenerated fibres of the cervical sympa- 
thetic must have formed new terminations in the superior 
cervical ganglion. There are some accessory points arising out of 
the experiments which may be noted. 

1. There is good reason to believe that when a nerve is cut, the 
greater the distance between the point of section and the periphery, 
the longer it takes for the function of the nerve to be re-established. 
And Vanlair“ has come to the conclusion that each nerve grows 
towards the periphery at a definite rate, e.g. that the recurrent laryngeal 
nerve after section re-grows at about the rate of a millimetre a day. 
Having this in view, I cut the sympathetic on both sides in animals C 


1 These two hypotheses I am now investigating; the former by observation to see if the 
viseeral fibres of the vagus will become connected with the cells of the superior cervical 
ganglion—in one experiment this has apparently taken place— ; and the other by allowing 
the peripheral end of the sympathetic to degenerate completely, before attempting to bring 
about regeneration. 

* Langley and Dickinson. Proc. Roy. Soc. 47, p. 386. 1890. 

% Arch. de Physiol. norm. et path. 1894, 220. 
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and D; on the right side, high up in the neck, and on the left side, 
24 centimetres lower. As the vagus, to which the sympathetic is 
attached, was not cut on either side, the retraction of the cut ends of 
the sympathetic on the two sides would be very nearly the same. Both 
animals were observed in order to ascertain whether the paralytic 
symptoms would disappear earlier on the side on which the sympa- 
thetic had the shorter distance to traverse, in order to meet the 
superior cervical ganglion. | 

In C no difference was observed up to the 18th day. On the 
25th day; the paralytic effects on the right side (pupil, eye and ear) 
were less than on the left. On the 3lst day, the difference between 
the two sides was less; it was marked in the pupil, slight in the 
nictitating membrane, and absent in the ear (both ears being equally 
cool and pale). On the 36th day the difference was rather less. On 
the 38th day the difference was very trifling as regards the nictitating 
membrane, slight but distinct as regards the pupil. On the 55th day, 
a difference could only occasionally be observed. 

In D the difference in the rate of disappearance of the paralytic 
symptoms was very slight. On the 25th day no difference could be 
observed on the two sides. From the 3lst to the 38th day, the right 
pupil was at times a little larger than on the left, and the right 
nictitating membrane was a trifle more withdrawn than the left. These 
differences were not constant, and no difference was at any time to 
be observed between the tint or warmth of the ears. 

In these experiments then, the place of section of the cervical 
sympathetic made a slight, but only a slight difference in the rate of 
regeneration of the nerve. 

2. In one case (No. 6) the left cervical sympathetic nerve was 
cut twice. The second cut was made peripherally of the first, and was 
thus in a region which had already degenerated and regenerated. 

In a month and 23 days the functional regeneration of the left 
cervical sympathetic was nearly, if not quite as complete as that of 
the right, although the right had only been cut once, and had had 
more than five months for recovery. 

3. The regenerated sympathetic is distinguished under the mi- 
croscope from the normal nerve, by the greater number of non- 
medullated fibres, the smaller number of medullated fibres, the less 
black stain of the medulla of the fibres with osmic acid and by the 
absence—the more complete the more recent the regeneration—of 
fibres larger than 3 in diameter. These differences become less 
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as the return of function is of longer standing, though it may be 
doubted whether a completely normal appearance is ever attained. 

It has been mentioned that in Exp. 3 the sympathetic was cut 
in two places at different times. Peripherally of the second cut, 
51 days after the section, the nerve appeared at first sight to contain 
no medullated fibres. On carefully teasing, 108 were counted, about 
2 u in diameter and with faintly showing medulla. The nerve a little 
peripherally of the first cut, 54 months after the section, contained 
a great number of medullated fibres; these were nearly all somewhat 
larger than those peripherally of the second cut, and there were two 
or three 3 to 4 in diameter. The central portion of the nerve con- 
tained few non-medullated fibres; and of the medullated fibres a 
considerable number were 3 u in diameter and a few 4 to 5 u. 

In both sympathetics (Nos. 3 and 4) of animal C, 60 days after 
section, the medullated fibres were few and inconspicuous and there 
were numerous granular clumps, and cells full of granules, the remains 
of the past degeneration. 

In sections through the superior cervical ganglion in these cases 
it is interesting to see how destitute of medullated fibres is the lower 
part of the ganglion, and how much the medullated fibres increase in 
passing to its cranial end. 

It follows that the new sympathetic fibres recover W 
function before they their sheath? : 


FIBREs. 


The regeneration of post-ganglionic fibres presents a somewhat 
similar problem to that we have considered in relation to the pre- 
ganglionic fibres. We have seen that in regeneration the nerve fibres 
which run from the spinal cord to the superior cervical ganglion do 
not join hap-hazard with its nerve cells, The nerve fibres given off 
by the nerve cells of the superior cervical ganglion run to various 
visceral tissues. And the question presents itself, whether these nerve 
fibres, in regeneration, will make new motor endings hap-hazard, or 


1 Waller (Comptes Rendus Acad. des Sci. xxxvt. p. 878. 1858) has described a case in 
a cat in which the cervical sympathetic, two months after section, had recovered its action 
on the pupil. The peripheral part of the nerve was grey to the eye ; under the microscope, 
à nucléus). 
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whether the several nerve fibres will run to the several visceral tissues 
with which they were previously connected. 

The problem would be an insoluble one but for the fact that the 
several spinal nerves run to different nerve cells in the superior cervical 
ganglion, and thus enable us within certain limits to determine the 
destination of the axones of these cells. 

The superior cervical ganglion in the cat gives off from its anterior 
end bundles of nerve fibres which supply—amongst other tissues—the 
dilator tissue of the iris, certain unstriated muscles of the orbit, and 
the erector muscles of the hairs. The nerve fibres running to each 
of the three peripheral structures proceed from nerve cells which have 
different and ascertainable connections with the spinal cord. Thus an 
alteration in the peripheral connection necessarily involves an alteration 
in the central connections. The problem then in this particular case 
can be settled by cutting the anterior rami of the ganglion, allowing 
time for regeneration, and stimulating the several spinal nerves. 

That the anterior strands of the superior cervical ganglion can 
regenerate has been shown by Tuckett’. He found in a rabbit, 259 
days after section of these strands, that stimulation of the cervical 
sympathetic once more caused dilation of the pupil. And he showed, 
by the use of dilute methylene blue, that new non-medullated fibres 
had formed in the nerve bundles on the internal carotid. 

In a cat under ether, I isolated the anterior third of the superior 
cervical ganglion on the right side, and cut the bundles of fibres 
running from it anteriorly. The cut ends retracted about 3 milli- 
metres. The cervical sympathetic was stimulated to make certain 
that it produced no effect upon the pupil, the eye, or the hairs of the 
face. Nineteen weeks were allowed for regeneration. The disappear- 
ance of the paralytic symptoms was slower than that which occurs on 
section of the cervical sympathetic. 


It required 10 weeks to reach the stage of very slight difference between 
the two sides, which is reached in 6 to 8 weeks on section of the cervical 
sympathetic. From the 13th week to the 15th week, the right pupil was 
sometimes slightly larger—generally when the animal was eating—and 
sometimes slightly smaller than the left. In the last fortnight there was 
either no difference on the two sides, or the right pupil was a trifle smaller, 
and the right nictitating membrane a little more visible. 

No difference was to be seen in the vessels of the ears from 24 hours 


This Jourval, x1x. p. 297. 1896. 


* 
| 
7 4 
{ 
3 
5 
} 
} 
1 
Pa 
i 
* 
* 
* 4 
— 


REGENERATION OF SYMPATHETIC NERVES. 225 


onwards (they were not observed earlier) so that the uncut rami on the right 
side contained sufficient vaso-constrictor fibres to maintain the normal tone. 


When it was judged that ample time had been allowed for re- 
generation, the animal was anzsthetized with chloroform and the A. C. E. 
mixture, and the spinal nerves from the vinth cervical to the viith 
thoracic inclusive were stimulated on the two sides. 

The effects caused by the spinal nerves on the left side—the intact 
side were in all cases normal. The first three thoracic nerves caused 
dilation of the pupil, the effect of the third being very slight. The 
first five thoracic nerves caused more or less retraction of the nictitating 
membrane and separation of the eyelids, the fourth having only a 
slight to moderate effect, the fifth a just visible one. The second 
to the fifth thoracic nerves inclusive caused contraction of the vessels 
of the ear, and the fourth to the seventh inclusive caused erection 
of the hairs of the face and upper part of the neck, 

On the right side—the regenerated side—the action of the spinal 
nerves on the vessels of the ear and on the hairs of the neck was 
normal, though in most cases rather less than that of the corresponding 
spinal nerves on the left side. Grey rami to these regions, it will 
be remembered, were left untouched in the original operation. 

The action of the spinal nerves on the iris, on the nictitating 
membrane and eyelids, and on the hairs of the face—all of which 
_ tissues were supplied by the cut rami—differed however in certain 
respects from the normal. The spinal nerves which caused a move- 
ment of the hairs of the face were the usual ones, viz. the Ivth to 
the vnth, but they caused a trace of movement only—confined to 
a few hairs—in the larger part of the area normally affected. A small 
ventral part of the area was the only part to respond in the usual way 
Apparently, then, some of the nen fibres had failed to make 
their proper connections. 

The difference from the customary innervation in the case of the 
nictitating membrane and unstriated muscles of the orbit, consisted 
in the greater action of the vth and vith thoracic nerves, The vth 
thoracic nerve caused the nictitating membrane to be drawn slowly, 
but completely back, the eyelids to be slowly but widely separated, 
the eye to turn outwards and to project. The vith thoracic nerve 
produced the same effects, but to a much less extent. We cannot, 
hewever, be certain that the unwonted action of these nerves was 
due to new connections consequent on regeneration, for the vth 
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thoracic ‘has commonly some influence on the nictitating membrane, 
and the vith, as we have seen above (p. 220), may influence it just 
perceptibly. It is true that on the opposite side of the body the vth . 
thoracic nerve had extremely little action and the vith had none; 
but since slight differences occur not uncommonly in the innervation 
of the two sides of the body, it is ee that larger ene may 
also occur occasionally. 

Lastly we come to the innervation of the iris. Here there was a 
decided and previously unknown variation. We have said that on the 
intact side, the turd thoracic nerve caused a very slight dilation of the 
pupil; on the regenerated side, it caused full dilation though a less 
sustained one than that brought about by the ist and nnd thoracic 
nerves, So far the variation is hardly outside the normal limits. But 
on the regenerated side, the rvth, vth and vith thoracic nerves all 
caused dilation of the pupil, and in no other cat have these nerves been 
found to have an effect. In all three the form of the dilation was the 
same; on stimulating the nerve there was an instantaneous dilation 
of the pupil, the maximum dilation was not maintained during the 
stimulation, but it subsided at first rapidly and then slowly. The effect 
diminished from the tvth to the vith thoracic nerve. Very weak 
currents formed an adequate stimulus. When the index of the secondary 
coil of the du Bois Reymond apparatus was at 12 cm. of the attached 
scale, and the stimulating electrodes were placed on the tongue, the shocks 
were felt, but only felt feebly. The vith thoracic nerve caused, on 
stimulation, prompt though slight dilation of the pupil, when the index 
of the secondary coil was at 25 cm., a distance from the primary coil 
considerably greater than that at which the shocks ceased to be felt on 
the tip of the tongue. 

It appears to me to be a legitimate conclusion that the axones 
of some of the nerve cells on the course of the rvth, vth and 
vith thoracic nerve fibres had in the process of re-growth 
strayed from their old path into the path of the fibres to the 
iris and had there become dilator fibres for the pupil. And 
it is a suggestive fact that some pilo-motor fibres of the Ivth, vth 
and vith thoracic nerves were in this case absent, though the corre- 
sponding fibres were present on the other side of the body. It suggests 
the new pupillo-dilator fibres were formerly pilo-motor fibres. And it 
may be noted that both the pupillo-dilator fibres and the pilo-motor 
fibres for a part at any rate of the face, normally run together for 
a certain distance in the ophthalmic division of the vth nerve. 
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The experiment appears to me to point to the conclusion that the 
sympathetic; nerve cells which influence different tissues are not 
specifically different, and that it is, as it were, a mere accident of the 
line of growth, whether a particular nerve cell acquires a vaso-motor, 
a pilo- motor, a pupillo-dilator or a secretory function. However this 
may be, the method I have given above offers a means of deciding 
the question. 

The regenerated grey rami, were. examined: microscopically and 
compared with those of the opposite side. Treated fresh with methy- 
lene blue 06 p. c., the rami of both sides showed normal non-medullated 
fibres having various degrees of varicosity. Pieces treated with osmic 
acid and teased out, showed the presence of medullated fibres. On the 
regenerated side the number of small medullated fibres was considerably 
less than on the opposite side. Since nearly alli the medullated fibres 

ng’ from the upper end of the ganglion are post-ganglionic, it 
llows that some, at any rate, of the post-ganglionic medullated 
fibres re-form a medullary sheath during regeneration. 


GENERAL CONCLUSIONS. 


It is hardly necessary to give a summary of the preceding account, 
but it may be worth while to state the general conclusions which I think 
may be drawn from the observations, They are as follows: 

The regeneration of pre-ganglionic fibres takes place by the forma- 
tion of fresh terminations in connection with nerve cells. In nearly 
all cases, so far as regards the cervical sympathetic, the different classes 
of pre-ganglionic fibres form their new endings in connection with 
nerve cells of their own class, and possibly in connection with the same 
nerve cells with which they were originally connected. 3 

Nevertheless it appears that in certain conditions pre-ganglionic 
nerve fibres are able to form endings in connection with nerve cells not 
belonging to their own class, so that, for example, pupillo-dilator nerve 
fibres may become connected during regeneration with nerve cells which 
send their axones to the erector muscles of the hairs. 

And it appears that the post-ganglionic nerve fibres ending in any 
one tissue,-can, if an opportunity be afforded them during regeneration, 
readily form nerve-endings in connection with any other visceral tissue, 
so that for example pilo- motor fibres may form nerve-endings in the 
iris and become pupillo-dilator: fibres. 

Bits Langley. This Journal, xx. pp. 70, 71. 1896. 
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Further Observations. Since the preceding account was written, 
I have made two other experiments on half-grown cats (Exp. 7, and 
Exp. 8) chiefly with the aim of determining more nearly the minimal 
time required by the severed cervical sympathetic to recover its 
function. In each case the nerve on the right side was cut in the 
etherized animal 24cm. from the superior cervical ganglion. 


Exp. 7. Nine days after section of the nerve; the nictitating membrane 
and the vessels of the ear showed a slight, but only a slight diminution of the 
paralysis present on the first day. The two ends of the cervical sympathetic 
had joined, but stimulation of the nerve with the interrupted current had no 
effect, whether the stimulus was applied centrally of the point of junction or 
close to the superior cervical ganglion. Thus in ten days there was no return 
of irritability or conductivity in the peripheral portion of the nerve. Stimu- 
lation of the superior cervical ganglion caused wide opening of the eye, 
complete retraction of the nictitating membrane, full dilation of the pupil 
(perhaps a little less promptly than normal), complete constriction of the vessels 
of the ear (also perhaps a little less promptly than normal), erection of some 
of the hairs of the face area, slow erection of the hairs over the first two or 
three cervical vertebre ; slight secretion of watery saliva from the sub- 
maxillary gland; rather slow unilateral pallor of the mucous membrane of 
the mouth; slight bilateral pallor of the tongue. Direct application of I p. c. 
nicotin to the superior cervical ganglion had no certain effect. Injection of 
nicotin into the jugular caused wide dilation of both pupils, and projection of 
the nictitating membrane; it did not prevent stimulation of the superior 
cervical ganglion from producing the usual effects. 


Exr. 8. Twenty-four days were allowed for regeneration. The paralytic 
symptoms had greatly diminished, but none had entirely disappeared. Both 
ears were pale, but when the animal ran about the right ear flushed less than 
the left. The right pupil was smaller than the left, and the right nictitating 
membrane projected more than the left; these differences were slight, though 
quite distinct. On the right side the eyelids were closer together, and the 
upper eyelid especially was less curved than on the left side. The viuth 
cervical to the vth thoracic nerves inclusive were stimulated on both sides. 
On the left (the uncut side) the nerves had their normal action, the only 
variation of any importance was that the vth thoracic nerve had no certain 
effect on the blood vessels of the ear. 

On the right side :— 

The vntth cervical nerve had as usual no visceral effect. 

The ist thoracic nerve had recovered fairly, but not —— its action 
upon the iris and the nictitating membrane. It caused contraction of some 
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but not of all the arteries of the ear, The left ist thoracic had no effect upon 
the arteries of the ear. 

The und thoracic nerve had a greater action on the iris and nictitating 
membrane than the ist, but this also was less than normal. It caused 
moderately strong movement of the hairs of the upper part of the neck; an 
effect which was not caused by left und thoracic nerve. 

The turd thoracic the tits and ler on 
the nictitating membrane than the nerve on the left side. It caused some 
movement of the hairs of the upper part of the neck, an effect which was not 
obtained on the left side. 

The rvth thoracic nerve caused slight momentary dilation of the pupil; an 
effect which was not obtained on the left side. It had less effect on the 
nictitating membrane and on the hairs of the upper part of the neck than the 
left rvth thoracic. 

The vth thoracic caused at times very slight and transient dilation of the 
pupil, the left nerve having as usual no effect. It had less effect on the hairs 
of the upper part of the neck than the nerve of the left side. 

The und, wird and rvth thoracic nerves on both sides caused complete 
constriction of the arteries of the ear; the vth had no certain effect. No 
nerve on the right side had any effect on the hairs of the face; on the left 
side the tvth and vth nerves caused as usual erection of hairs in this 
region. 

After section of the cervical sympathetics, none of the nerves on either side 
had any visceral effect on the head. No trace of medulla was found in the 


regenerated portion of the cervical sympathetic. 


We will consider briefly the results of these experiments. In 
Exp. 8, the majority of the fibres of the cervical sympathetic 
had regenerated in twenty-four days after section. At this date 
the paralytic symptoms are still distinct though they may be slight. 
The normal control of the central nervous system is comparatively 
slowly re-established. The further disappearance of the paralytic 
symptoms may be due in part to the regeneration of other fibres of 
the sympathetic, but is probably in the main due to an improvement 
in the conductivity of the fibres already re-formed. In the experiments 
I have made with regard to simple section of the cervical sympathetic, 
there has been generally a distinct decrease in the paralytic symptoms 
at some time between the 8th and the 12th day, and this I have not 
observed after excision of a piece of the nerve. In Exp, 7, in which no 
fibres of the cervical sympathetic had recovered their function in nine 
days, the decrease in the paralytic symptoms was slight only. Hence 
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I'am inclined to think that the return of function begins on 
the eighth to the twelfth day. 

The results of Exp. 8 strengthen the conclusions already arrived 
at, viz. that in regeneration of the cervical sympathetic the majority of 
the nerve fibres regain their normal function; that some acquire a 
function not normal to them; and that the regenerated fibres 
transmit impulses before they regain their medullary sheath. 

It will be noticed that the abnormalities of innervation were greater 
in the cases in which the regeneration was recent than in those in 
which it was of long standing. And this suggests that the abnormal 
connections which are first formed gradually atrophy; the differences 
however are not wholly outside the range of accidental variations. 
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THE ABSORPTION OF OXYGEN: BY THE LUNGS. 
By JOHN HALDANE, M. D., F:RS.,: Grocers’ Company Re- 
search Scholar, and J. LORRAIN SMITH, MD. Lecturer 


on anne Queens College, Belfast. (One Figure in Text.) 
(From the Pathological Laboratory, Queen's College, Belfast.) 


FRoM our observations, by the carbonic oxide method, on the oxygen 
tension of the blood as it leaves the lungs in man, we were led to 
the conclusion that the exchange of oxygen which takes place be- 
tween the atmosphere and the blood cannot be adequately explained 
by diffusion alone. The evidence of physiological activity disclosed 
by these experiments and the previous ones of Bohr by the aero- 
tonometer. method, seemed to require further investigation; and in 
the following paper we propose to give an account of experiments on 
some of the conditions which affect the absorption of oxygen in 
normal animals. 

Observations by the aerotonometer method on the oxygen tension 
in the arterial blood have hitherto been made on the dog only. The 
results we obtained in’ the case of man, which are described in our 
former paper, gave an oxygen tension considerably above that of air, 
and therefore a good deal higher than the tension observed in the 
dog’s blood by means of the aerotonometer. 

In order to have the means of directly comparing the results 
given by the two methods we have made two experiments on dogs 
by the carbonic oxide method. The oxygen tensions found were 176 
and 24°4°/, of an atmosphere (see Table I.). These results are only a 
little higher than Bohr’s. The maximum oxygen percentage to which 
the air in the aerotonometer rose in his experiments was 20°67 ; and 
the minimum to which it fell was 16:05. It thus appears that the 
carbonic oxide method gives results which are nearly the same as 
those of the improved aerotonometer method introduced by Bohr. 

The greater number of our observations have been made on mice 
and small birds, and we found it necessary to modify slightly the 
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original method of procedure, The animal was placed in a bottle 
(or air-tight chamber in the case of dogs, cats and rabbits), through 
which a current of air containing a known percentage of carbonic 
oxide was aspirated. The apparatus used was the same as that 
described at p. 202, Vol. XVIII., of this Journal. The animal was 
allowed to breathe the mixture of gases supplied in this way, till the 
hemoglobin of its blood became saturated with carbonic oxide to 
the maximum extent for the percentage of this gas present. The 
bottle was then disconnected, and rapidly plunged into water, so that 
the animal was drowned whilst still in the atmosphere established by 
the current passing through the apparatus. The blood was then 
received from the heart into a small test tube, which was filled up 
with water. This solution was corked up in the tube, and one or 
more samples from it were taken to determine colorimetrically the 
degree to which the hemoglobin had become saturated by the carbonic 
oxide. In the case of birds, it was found necessary, after adding the 
water, to centrifugalise the solution, as the nucleated red corpuscles 


do not completely dissolve. At the conclusion of each experiment a 


sample of the gas in the burette was analysed to ascertain how much 
impurity was present in the carbonic oxide. 

In measuring the percentage of carboxyhemoglobin present in the 
solution of blood we proceeded as follows. Two narrow test tubes of 
equal bore were obtained, and in the one (A) were placed 5 ec. of 
a 1% solution of normal ox blood. In the other (B) a small quantity 
of the solution of blood partially saturated with carbonie oxide, from 
the animal under observation, was placed, and this was diluted with 
water till it had a concentration equal to.the normal solution in tube 
(A). To bring the colour of (A), which is more or less yellow by 
transmitted light, up to the degree of pink observed in (B), a solution 
of carmine of suitable strength (previously adjusted carefully to the 
blood solution) was added from a burette till the two tubes corre- 
sponded exactly in tint. The amount of carmine solution added was 
noted. The solution of blood in tube (B) was now completely saturated 
with carbonic oxide by shaking it for a few seconds with coal gas, 
and again the tint of (A) was made equal to it by the further addition 
of carmine solution from the burette. The ratio of the partial to 
complete saturation was then calculated as in our former experiments 
(this Journal, xx. p. 503 and p. 519), the result obtained being the 
percentage saturation with carbonic oxide of the hemoglobin present in 
the blood of the animal. In carrying out the titrations we avoided 
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bright light, which, from the experiments given in our previous paper, 
might have appreciably affected the results. 

For the purpose of calculating the oxygen tension from the per- 
centage saturation of the hemoglobin we made a new series of ex- 
periments (see Table VIII.) to determine with greater accuracy than 
before the form of the dissociation curve of carboxyhemoglobin in 
presence of mixtures of carbonic oxide and air. The curve which 
we previously obtained was not quite symmetrical, deviating ap- 
preciably at certain points from the form of a rectangular hyperbola. 
It turned out that the reason for this deviation was that, particularly 
with less than 0°1°/, of carbonic oxide in the air, the amount of 
shaking formerly employed (ten minutes’ gentle shaking) had not 
been sufficient. With twenty minutes’ pretty vigorous shaking the 
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results corresponded very closely to the rectangular hyperbola shown 


in Fig. 1, and we have used this curve in calculating the oxygen 


tensions. The calculation of the oxygen tension is made by finding 
on the curve the percentage of carbonic oxide in air to which 
the actually observed saturation of the blood corresponds, dividing 
20°9 by the former value, and multiplying by the actual percentage 
of carbonic oxide in the air breathed. Thus, supposing that the blood 
was found to be 46°/, saturated (corresponding to 060% of carbonic 
oxide in air) and the actual percentage of carbonic oxide breathed was 


080, then the oxygen tension of the blood would be 209 x 3=279. 


As the alveolar air contains about 6°/, of aqueous vapour this result 
has to be reduced to 26°2. All the results given below are corrected 
for aqueous vapour. This correction becomes important in the case 


of experiments at low pressures. 


Experiments on normal omygen tension. 


In Table I. we have placed observations on the tension which 
exists in the blood as it leaves the lungs when the animal is in 
approximately normal conditions. It will be seen from the table that 
the saturation of the haemoglobin was as a rule under 50% and that 
the animal breathed ordinary air to which carbonic oxide was added. 


Tasix I. 
Eaperiments on the normal oxygen tension of various animals, 
et alveolar 
arterial 


Mouse 062 — 58 19 39 ˙1 27°6 18 
” 056 115 21 48°9 20°4 13 
065 114 21 88˙3 18 
” 042 — 1˙12 15 89°9 17°6 18 
035 — 124 30 32˙5 20°9 18 
0 058 — 90 21 45°4 19°7 18 
” 047 — 1°12 30 81°0 28°9 18 
10 060 — 89 40 40°0 25°5 18 
06 — 98 50 40·0 28 ·4 18 
Average 28°8 18 
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Mouse 062 30° “42 20 46°5 20°3 18 
079 25° “80 16 50°38 21°38 18 
= 078 25° 81 20 49°6 22˙3 18 
” 088 85° 52 87 49°4 13 
” 119 80° “44 41 59°7 22°8 18 
0 107 85° 41 50 58°56 26°3 18 
061 28° 88 * 44-7 21:5 18 
” 079 25° 86 38 42°8 29°9 13 
Wild mouse ‘077 25° “78 85 547 18˙1 18 
142 84 87 68·8 18˙8 18 

Average 22˙6 
Man No. 1 043 — — 205 24˙7 377 13 
a 061 — — 183 29°1 42°9 18 
* 007 — — 190 80°2 440 13 
078 — 148 18 
Man No. 2 067 — — 174 84 ˙1 86°6 18 
0476 — — 238 27°4 36 ˙¹ 13 
25 025 — 210 147 89°4 18 
5 019 — — 240 18-0 84-0 18 
Man No. 8 059 — — 158 81-1 36°3 18 
Average 88°5 13 
Dog 8 71 120 55°8 17˙6 18 
4 052 — 6˙6 120 372 24˙4 18 
Average 210 13 
Cat 064 — 2°78 70 87°7 85°38 18 
Rabbit 061 — 6°10 130 41°65 24°5 18 
W — 22 60 84˙5 410 18 
Young rabbit 053 — 6°4 110 86°7 25°5 18 
5 090 2 4˙6 110 56°7 19°5 18 
Average 27°6 13 
Bullfinch 015 — 8¹ 28 83 ·8 86 ˙4 13 
0 072⁵ 22° 77 50 31˙1 41°2 138 
Grey linnet 068 25° 79 18 24°4 576 18 
074 27° 15 80 82-8 48-1 18 
Canary* 088 28° 15 82 49°5 23°1 18 
Frog 082 — — 960 57 0 18˙4 7 

* Animal unhealthy. 


The temperature of the air current in the earlier experiments was 
that of the laboratory in December, and therefore varied somewhat. 
We found, however, after making several experiments, that it was 
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necessary to be careful to keep up the body temperature of the mouse, 
and in the present series we have grouped together the experiments 
made with this precaution. In these latter experiments we kept the 
lower part of the bottle containing the mouse in a bath of warm water 
(25° 'C.—30° C.). 

We have not attempted to determine experimentally the oxygen 
tension of the air in the alveoli of the lungs of the different animals. 
The percentage value of 13, given in the tables,is about that calculated 
by Loewy for the human lung. It seems probable that this value 
holds approximately for animals under normal conditions. The rate 
of respiration in a mouse, for instance, is, roughly speaking, 150—200 
per minute, and its oxygen consumption per unit of its body weight 
in a bath at about 25° to 30° is about 12 times as great as that in 
man. Thus the increase in the frequency of respiration in small 
animals, as compared with man, seems to correspond approximately to 
the increase in metabolism, and hence probably suffices to keep the 
alveolar tension of oxygen at about the same value as that of the 
human lung. To determine the exact value of the alveolar tension, 
however, is not essential to the question under consideration. 

The average oxygen tension in the case of mice is 232: of birds 
(bullfinches and grey linnets) about 44: of rabbits 276. One obser- 
vation on the cat gave 35°3, and two observations on the dog gave 
an average of 21 0. Of the results observed in the experiments on the 
dog by previous investigators, those obtained originally by Bohr are, 
as already mentioned, nearly in agreement with the values given by 
the carbonic oxide method, whilst those of Frederieq (=about 12°5 
to 7°5, corrected for aqueous vapour) are decidedly lower, possibly 
for the reasons suggested in our former paper. Finally we made an 
observation on the frog. To escape the difficulties due to the slow 
rate of absorption of gases in the frog we placed it in a 6 litre bottle, 
inverted over water, and containing air to which a small percentage 
of carbonic oxide had been added. After 16 hours the blood was 
examined colorimetrically, and a sample of the air in the bottle was 
at the same time analysed, particularly for oxygen and carbonic oxide. 
The oxygen percentage present was 20°07, and the carbonic oxide 
percentage was ‘082, which was exactly that calculated, allowing for 
what had combined with the frog’s blood. To determine the time 
requisite for the maximum saturation of the blood with carbonic oxide 


I Arch. de Biologie, xxv. p. 105. 1896. 
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in the air breathed we made observations on mice with about 06°/, 
of carbonic oxide and found that after 5 minutes the value observed was 
distinetly too low. After 7 minutes the value was still slightly below 
the average. After 10 minutes average values were obtained, and 
the duration of the experiment had no further influence on the satu- 
ration. It should be noted that during these observations the bottle 
containing the mouse was placed in a bath at 30°C., and that in air at 
this temperature the rate of exchange in the lungs, and doubtless also 
of absorption of carbonic oxide, is much less than that which obtains 
at ordinary room temperatures. 

It was shown in the previous paper that the time required in man 
for maximum saturation of the blood (with about 06°/, of carbonic 
oxide in the inspired air) was about 90 to 100 minutes. This is about 
ten times as long as in the case of the mouse in air at 30°, and as the 
metabolism of the mouse is also about ten times as great per unit of 
body weight as that of the man the result is just what might be 
expected. The time required for other animals may be calculated 
on the same principle, the time varying inversely as the rate of 
respiratory exchange per unit of body weight. We have, however, 
always allowed a considerable margin of time beyond that required, 
so as to leave no room for doubt as to the blood being saturated to 
its maximum extent. 

Along with our results on animals we have included those previously 
obtained on man. As the dissociation curve formerly used in calculating 
the oxygen tension in man was not correct we have recalculated the 
results of the former experiments. The correction thus introduced 
brings up the human arterial oxygen tension to an average of 38°5°/, 
of an atmosphere. | 

Table IL. shows that in all the animals observed the oxygen tension 
of the arterial blood as it leaves the lungs is considerably higher than 
the alveolar oxygen tension, while in man and small birds, and often 
in other animals, it is very much higher than that of inspired air 
(197 %, allowing for aqueous vapour). 


Experiments on the effects of cold. 


The animals used for this series of experiments (Table II.) were 
mice, since they are so readily sensible to cold. After exposure to a 
cold atmosphere for a short time, their body temperature begins to fall, 
particularly if they are exposed to a somewhat high percentage of 
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carbonic oxide, and they become torpid. It was easy to cool down 
the surroundings of the mouse by placing the bottle containing it in 
cold water. The result invariably was that the oxygen tension went 
down to about 15% The uniformity of the values observed here 


Taste II. 
Experiments on the effects of fall of temperatwre on the oxygen tension 
of arterial blood. | 
Mouse* 200 “417 45 
“078 50° 500 80 61°6 » 
108 5°5° 500 45 65°5 15°7 
‘101 60° 505 652 15˙6 
Average | 


* Animal died. Rectal temperature just after death =19°5°. 


suggests that the cold had nearly paralysed the “mechanism” of 
absorption, and that the tension observed was approximately that due 
to diffusion from the alveolar air. This series of observations would 
seem to afford ground for grave objections to any experiments on the 
oxygen tension of the blood in which the fallacies arising from fall 
in body temperature or other abnormal conditions are not carefully 
avoided. The actual fall of temperature in these experiments of course 
could not be accurately measured, but in the first experiment the rectal 
temperature just after death was measured * a very ane thermo- 
meter, and found to be 19°5°. 

It is not unlikely that in some of the experiments recorded below, 
particularly in those with high percentages of carbonic oxide and low 
atmospheric pressures, an appreciable fall in body temperature had 
occurred, in spite of the precautions we took to avoid this. 


Experiments with high percentages of carbonic owide. 


In this series of experiments, which were made on mice, we investi- 
gated the effect of the lack of oxygen which must arise in the body 
when a large portion of the hemoglobin is saturated with carbonic 
oxide. The results (Table III.) show that when more than 60% of 
the hemoglobin is saturated, and the other respiratory conditions are 
normal, the tension of oxygen begins to rise very markedly. In certain 
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Tasie III. 
Experiments with high percentages of carbonic oœido. 
Corrected 
Ventilation in Duration of aturation Oxygen tension 

Animal 9% of CO — with OO per cent. blood 
Mouse 189 25° 372 72 64°8 29°1 
” “212 25° 435 31 61°0 88°7 
55 204 80° “620 85 66°5 28°9 
” 190 80° 586 40 63 ˙3 81°5 
5 178 80° 577 31 68˙2 240 
” 215 28° 566 87 66°7 80°2 
356 80° “441 30 75˙5 328 
” 298 28° 320 45 72°0 83°5 
55 387 25° 268 64 78°9 25°5 
56 237 25° 38 178 [19°4] 
26⁴ 26° 366 45 84°5 [18-5] 
os 407 27° 240 43 727 46-2 
“5382 26° 192 60 30˙4 
* 526 26° “188 13 87°0 218 
438 26° 227 47 77 
* 428 26° “226 48 82˙2 26°3 
232 80° 435 82 753 
* 171 80° 273 33 68°1 28°5 
Average 80°3 

Grey linnet 194 285 4¹ 88 82-4 
Bullfinch 119 25° 387 40 51°6 45°0 
Grey linnet * “232 — 84⁵ 7 55 6 53°0 

* Animal died. 


instances the tension observed was twice as high as that of the inspired 
air. Another very remarkable fact brought out by these experiments 
is that, provided the natural fall of body temperature is avoided, the 
mouse can still live and retain consciousness and the power of creeping 
about after as much as 84°/, of its hemoglobin has been thrown out 
of action by saturation with carbonic oxide. It is important to bear 
this fact in mind in studying the experiments with atmospheres at 
diminished pressures which are described below. 

On the other hand we found that birds were unable to survive after 
about 60°/, of their hemoglobin had been saturated. They usually 
became restless, and died suddenly just after some unusual exertion. 

In the case of men poisoned by gradual absorption of carbonic oxide 
after explosions in coal mines, the highest saturation observed was 83% 
(v. Haldane, Report on the causes of death in Colliery Explosions, 1896, 
p. 40), but in many cases the saturation found was considerably less. 
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In two of the experiments the oxygen tensions found were ab- 
normally low. These experiments were made on a cold day, when 
several of the mice were observed to have become torpid in their cage. 
It therefore seems probable that the mice used in these experiments 
were suffering from cold before they were put into the bottle. 


Experiments with miatures of carbonic acid and air. 

In order to ascertain whether the hyperpnœa produced by air 
containing carbonic acid is associated with increased absorptive activity 
for oxygen on the part of the lungs, we made several experiments with 
air containing about 6°/, of carbonic acid. The carbonic acid was 
passed into the air-current in a steady stream from a cylinder, and 
the percentage present determined by an analysis of a sample of the 


mixture from a bottle placed in the air-current beyond the animal. 
Table IV. shows that no definite rise in the oxygen tension of the blood 


Taare IV. 
Corrected 
Duration of saturation 


experiment of hemoglobin arterial of inapired 
Animal % of CO % of CO, in minutes with OO per cent. blood room 


Mouse 087 6˙1 16 51°6 28-7 18°5 12° 
092 22 61˙8 16˙6 18°4 12°* 
048 35? 40 40°8 19-7 15-7? r+ 
058 385? 50 28˙6 15-7? 27 

090 18 40°2 87-0 18-1 12° 


* Mouse looked cold. 
+ Expired air used for ventilation. 


was observed. Carbonic acid does not, therefore, appear to act as a 
stimulus to the absorption of oxygen by the lungs. 


Experiments with miatures of omygen and air. 

In this series of experiments the oxygen was supplied from a cylinder 
by means of a T tube inserted into the rubber tubing conveying the air 
to the apparatus. In cases where oxygen alone was given, the supply 
from the cylinder was made larger in volume than the current which 
was being aspirated through the apparatus, and the excess was allowed 
to escape from the open end of the T tube. In each experiment a 
sample from the current was taken for analysis. It is apparent from 
this table of results that in these conditions, i.e. where the blood is 
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Taste V. 
~~: with miatwres of oxygen and air. 
—— of alveolar 
expert Blood in “per 

of vin ment in with OO per % of an % of an 
Mouse 580 71 15 56°5 128 86°5 75 
90 614 pal 72 10 58°1 124 87°3 76 
90 296 15 60°6 54°4 47°5 89 
ve 142 25° 74 20 66 •6 477 39 
Grey linnet 15 is (88-0 890 455 987 
* 434 — 78 11 41 ˙5 170 87˙4 76 


partially saturated with carbonic oxide and where the air breathed 
contains a much higher percentage of oxygen than that of the 
atmosphere, there is still active absorption by the lungs. The tension 
of oxygen in the blood is always much higher than that of the alveoli. 
The absolute difference between alveolar and arterial oxygen tension 
increases, but the relative difference remains about the same. In 
connection with these experiments it must of course be kept in mind 
that the amount of available oxygen in the arterial blood is less than 
normal, in spite of the great increase in the oxygen tension. 

From these and the immediately preceding experiments it seems 
to follow that the degree of absorptive activity on the part of the lung 
depends on the supply of oxygen to the tissues of the body generally 
and not merely on the oxygen tension already reached by the blood 


on its way through the lung capillaries. 


Experiments with air partially deprived of oxygen. 

In this series of experiments (Table VI.) we have investigated the 
effect produced on the arterial oxygen tension in mice by diminishing 
the oxygen percentage of the air breathed. 

The bottle containing the mouse was ventilated 3 a large bag, 
the air of which had been partially deprived of its oxygen by respiration. 
The carbonic acid was absorbed by means of potash lime, and a sample 
of the air passing from the animal chamber was analysed at the end of 
each experiment. From the composition of this air the oxygen tension 
of the inspired air was obtained by simply correcting for the aqueous 
vapour. 
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Taste VI. 
Experiments with air partially deprived of omygen. 
tonalon of 
Animal CO employed minutes 
Mouse 045 25° 88 33 49˙1 13°2 159 10 
50 “014 25° 82 27 2 2 16˙2 10 
0154 285 18 27 197 36155 9 
70 9142 25° “83 16 21°6 14°7 9˙8 6 
75 0131 — 79 19 22°0 13% 13°7 8 
os “0124 — 87 21 23°8 11°6 9°7 6 
‘0117 — 94 30 80°4 74 8 ˙¹ 5 
6413 29° 53 35 6˙7 5˙8 3°5 
50 0494 25° “41 52 64˙1 78 6˙2 4 
1 0382 30° “48 35 55 ˙5 87 6°5 4 
„* 0170 o 250 “7 2:5 
0452 2095 38 45 601 8:5 5-488 8 


It had already been shown by one of us! that diminution of the 
oxygen percentage of the air breathed greatly increases the poisonous 
action of carbonic oxide, and we began these experiments with the 
expectation that on diminishing the oxygen percentage sufficiently it 
would be found that as little as 01 % of carbonic oxide or less would 
be capable of causing death. To judge from the available blood-gas 
analyses, which will be discussed below, the arterial blood is not more 
than half saturated with oxygen when the oxygen tension of the air 
breathed falls to about a third of an atmosphere. With blood half- 
saturated with oxygen the oxygen tension is only about 34°/, of an 
atmosphere according to the dissociation curve of hæmoglobin (Fig. 1), 
which is constructed from Htifner’s data*. As ‘34°/, is only about iyth 
of the normal arterial oxygen tension one would thus expect that 
roughly speaking 01 % of carbonic oxide would, with an oxygen per- 
centage in the air breathed of a third of an atmosphere or less, have 
as much effect in saturating the blood as 70% at normal arterial 
oxygen tension, and that consequently the blood would, with sufficiently 


1 This Journal, xvm. p. 201. 1895. 
® Arch, J. (Anat. u.) Physiol. 1890, p. 1. We may remark that this curve is a 


rectangular hyperbola, like the dissociation curve of carbonic oxide in air. Hüfner's 
data deviate only slightly from the curve given. Fig. 1 shows the two curves, with 
their axes and asymptotes. 
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long exposure, become about 90°/, saturated. Table VI. clearly shows, 
however, that nothing of the sort occurs. With diminishing per- 
centages of oxygen in the inspired air the arterial oxygen tension does, 
indeed, gradually fall at first almost in proportion to the fall in the 
oxygen percentage of the air, but at an arterial oxygen tension of about 
8 or 9°/, there is a distinct limit to the fall, and at the same time to 
the increase in the action of the carbonic oxide in saturating the blood. 
This limit seems to be reached when the oxygen percentage of the air 
breathed falls to a little below 10°/,. Further diminution causes no 
further fall in the arterial oxygen tension until a point is reached (at 
about 5°/, of oxygen in the inspired air) when death ensues so rapidly 
that the blood has not time to saturate itself to anything approaching 
its maximum extent with carbonic oxide, the presence of which gas has 
evidently nothing whatever to do with the cause of death. 

The last experiments in the table show that with very low oxygen 
percentages in the inspired air the arterial oxygen tension may 
be 50% above that of the inspired air and about 300% above that 
of the alveolar air. The oxygen tension of the alveolar air was 
calculated on the assumption that the ventilation of the lungs was 
about thrice as great as usual, the respiratory exchange of the animal 
remaining about the same. It seems not improbable however that the 
increase in ventilation of the lungs is over-estimated and that the 
alveolar oxygen tension was really lower. Thus in the last experiment 
in the table the frequency of respiration had fallen to 120, and the 
individual respirations did not appear to be much deeper than usual. 
Throughout the experiment the animal was very feeble, especially when 
first placed in the current of vitiated air. The skin was bluish. The 
fact that the arterial oxygen tension was proportionally so much higher 
than that of the inspired and alveolar air proves that fall in the arterial 
oxygen tension beyond a certain point directly or indirectly stimulates 
the lung to greater absorptive activity. The death of the animal is 
evidently due in some way to the fall in the oxygen tension of the 
blood, and not to mere diminution in the percentage of oxygen present 
in it, since with a tension of 7 or 8°/, of oxygen (the minimum observed) 
the hemoglobin would still, according to Hiifner, be 96 / saturated 
with oxygen. The experiments in Table III. show that a mouse can 
still live and retain consciousness and sufficient power of movement to 
enable it to creep about, when its hæmoglobin is only 16% saturated 
with oxygen, provided the oxygen tension of the blood is at the same 
time high. In this connection we may also recall the fact that under 


- 
4 
A 
1 
4 
8 
* 
‘ 
* 


— 


244 J. HALDANE AND J. L. SMITH. 


a pressure of about two atmospheres of oxygen a mouse can dispense 
entirely with the oxygen-carrying power of its hemoglobin, and yet 
remain quite lively and active’. 

In these experiments and those given in Table VII. we have 
assumed that the time required to obtain maximum saturation of the 
hemoglobin with carbonic - oxide would be increased in proportion to 
the increased saturation of the blood with carbonic oxide for a given 
tension of the gas in the atmosphere breathed, We varied the duration 
of the experiments in order to ascertain whether this assumption was 
correct, and we have purposely recorded several experiments the 
duration of which was shorter than the requisite calculated time: In 
these latter cases it will be seen that the maximum saturation had 
apparently not been reached, since the oxygen tension, if calculated 
out, would be higher than in comparable experiments of longer duration. 
In the rest of the experiments the time was evidently sufficient. Thus 
in the last experiment in Table VI., in which there was the lowest 
percentage of oxygen in the inspired air, the calculated oxygen tension 
is actually less than in two previous experiments of shorter duration. 
Many of the experiments in Table VII. were, for further certainty, 
continued for still longer periods. 


Eapervments at Low Pressures. 


The observations in this series were made on mice and birds. The 
air current with carbonic oxide supply was arranged as before, the 
aspirator being attached to a powerful filter-pump, working with water 
at a pressure of about 40 Ibs. per square inch. By this means a current 
sufficiently large to keep the animal supplied with air could be obtained 
at very low pressures. The negative pressure was obtained by inter- 
posing in the current, before it entered the animal chamber, a stop-cock 
which was nearly closed. A mercury manometer was used to indicate 
the pressure. With this arrangement a very steady current at any 
pressure desired was obtained without difficulty. 

The lowest pressure with which we found it possible to work was in 
the case of mice about 25% of an atmosphere. Birds suffered much 
more than mice from low pressures. Even at a pressure of 34°/, of an 
atmosphere one of the birds died after 28 minutes. The results shown 
in the table entirely confirm the observations given in the section on 
experiments with air partially deprived of oxygen, since they show 


1 This Journal, xm. p. 211. 1895; XXI. p. 161. 1897. 
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again that up to the time of death the tension of oxygen in the arterial 
blood leaving the lungs is high enough to saturate the hemoglobin 
almost completely, and is far above the alveolar tension. 

In the second experiment, which gave an unusually low tension, no 
bath was used, and the body temperature was doubtless low. In the 
third experiment the animal was comatose for about half-an-hour before 
death, and one cornea had become opaque. In no other experiment was 
the animal comatose. 

The series includes a case where the mouse died with an oxygen 
tension just before death of 10% In the case of birds the tension was 


Still higher. 


Analyses by the blood gas pump of the gases in the arterial blood of 
animals which have been subjected to these low pressures, seem to 
show that the hemoglobin is not nearly saturated with oxygen. The 
average results of Fraenkel and Geppert! are in substantial agreement 
with those of Paul Bert, and may be quoted here. 


Volume of oxygen obtained from arterial blood (dog). 


From normal animal in air at a pressure of 760 mm. 100 C. 0. = 19°47 c. o. of oxygen. 
From animal in air at a pressure of 480 mm. 100 0.0. 18°55 C. 0. of oxygen. 


From normal animal in air at a pressure of 760 mm. 100 0.0. = 15°45 C. 0. of oxygen. 
From animal in air at a pressure of 874 mm. 1000.c. 11·81 C. 0. of oxygen. 


From normal animal in air at a pressure of 760 mm. 100 c.c, = 18°08 c.c. of oxygen. 
From animal in air at a pressure of 269 mm. 100 0. 0. 9˙80 C. c. of oxygen. 
From these results it is clear that when the pressure was reduced 
to 4 of an atmosphere, the blood taken from the arteries was only 
half saturated with oxygen. According to Hiifner’s data this would 
imply a tension of oxygen in the blood of 3% of an atmosphere, 
whereas the results in the above table show far higher tensions of 
oxygen in the blood with a pressure of only } of an atmosphere. 
In considering the apparent contradiction between the blood-pump 
results and those we now bring forward, we would point out that there 
is an essential difference in the two methods of observation. In the 
case of the blood gas pump experiments, the blood had been drawn 
from the arteries, while by our method we observe the blood as it is 
in the capillaries of the lungs. Further, our measurements of tension 
depend on the saturation of the hemoglobin with carbonic oxide, and 
the amount of this is determined by the tension of oxygen in the blood 


Pe PP PP 


1 Ueber die Wirkung der verdiinnten Luft auf den Organismus, 1888. 


* 228 >. — . 
| * 
1 
? 
4 
| —¼ʃ—¹ 
| 


ABSORPTION OF OXYGEN. 247 


at the time of its exposure to the two gases in the lungs. The behaviour 
of carbonic oxide in the body differs from that of oxygen in as much 
as the latter is withdrawn from the blood to be consumed in the 
metabolism of the body, whilst the former does not disappear in this 
way, and therefore cannot be affected by changes in the circulation 
subsequent to the passage of the blood through the lung capillaries. 
The explanation of the difference in the results may be found in this 
difference of method, and there is a considerable amount of evidence to 
prove that this is the case. 

It was originally discovered by Pfliiger that blood on leaving the 
vessel very rapidly undergoes a change which involves the taking up of 
part of the oxygen contained in its hemoglobin. We have frequently 
verified his observation that normal arterial blood becomes distinctly 
darker immediately on leaving the body. To investigate this change 
quantitatively he constructed a pump with a specially large vacuum of 
8 litres capacity, and compared the amount of oxygen obtained by 
means of it, with that which could be extracted from the blood by 
the ordinary much slower method, with a vacuum of 3 litres capacity. 
The table of results which we here quote indicates that, on the average, 
he obtained from 100 c.c. of blood by the rapid method 2 c.c. of oxygen 
more than by the ordinary method. 


Percentages of oxygen obtained from arterial blood (dog). 
Large vacuum (8 litres) 25°4 250 24:3 23°7 21°9 212 210 187 191 
=243°8 Mean = 22°16 


Small vacuum (8 litres) 24-7 243 229 216 121 200 29 184 208 180 183 
=222 Mean =20°18 


These results point to changes in the blood which lead to a very 
rapid disappearance of oxygen from the hemoglobin, and its fixation in 
some firm combination. As a rule, analyses of the gases from the 
arterial blood of animals during conditions of asphyxiation show the 
presence of little or no oxygen. We may quote the summary of these 
observations which Stroganow has introduced into his paper on the 
process of oxidation in normal and asphyxia blood. 

Setschenow obtained in one analysis 1:16 vols per hundred of 
blood and in 3 others traces only. Pfliiger from two analyses obtained 
an average of 1°75°/,, Schmidt from 10 analyses gives 945 %, 
Afonassjew from 4 analyses gives 78% The average of all the 
observations is 908 % (Stroganow, Pfliiger’s Archiv, XII. p. 22.) 
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To test the truth of these results Stroganow used the method, 
suggested by Hoppe-Seyler, of examining the spectrum of the 
blood while still circulating in the jugular vein of an animal with 
the trachea clamped. He never failed by this means to find in the 
asphyxiated animal’s blood the double bands of oxyhemoglobin, and 
that for a long time after the cessation of respiration. Even in the 
veins the bands remained visible up to the point of complete cessation 
of the heart-beat, although after this they quickly disappeared. 

In order to obtain a rough idea of the minimum percentage of 
oxygen which must have been present even in the venous blood in 
these experiments we took a test-tube containing a very dilute solution 
of completely reduced hemoglobin, and placed between it and a gas- 
flame another test-tube of equal size containing oxyhemoglobin in 
varying dilutions. We found that when the oxyhzemoglobin solution 
was less than jth of the strength of the reduced hemoglobin solution it 
was no longer possible, even with the most favourable concentrations, 
to see the oxybæmoglobin bands through the band of reduced hemo- 
globin. It is thus evident that the blood in the veins must be at least 
15°/, saturated with oxygen even in the very last stages of asphyxia. 
We may therefore assume that at least 4°/, of oxygen is really present 
in the arterial blood, although the blood-pump may give no oxygen, 
even in the earlier stages of asphyxia. 

The highest values obtained by the blood-pump are doubtless far 
too low because the increased quantities of “reducing substances must 
cause the oxygen to disappear to a still greater extent than is the case 
in normal blood. Stroganow after shaking asphyxia blood for a few 
minutes with oxygen, estimated the amount of this gas which had 
disappeared into fixed combination per 100 vols (on the assumption 
that no oxygen was already present in the blood). The following is a 
table of his results. 


Blood from jugular vein of asphyxiated animal 4-926 %. 


” ” ” ” 2-843 
Blood from carotid artery of asphyxiated animal 8-806 . 
” ” ” 2°344 


Average 3°354 %. 


To this must be added the amount of oxygen which as shown above 
must have been present in the blood within the vessels of the 
asphyxiated animals. This could not well be less than 4% and may 
have been much more. We find therefore that at least 735% of 
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oxygen might disappear from the blood in this way before it could 
be evacuated in the pump. 

These considerations show that the results obtained with the blood- 
pump are altogether untrustworthy in so far as regards their bearing 
on the present question, since between the time when the blood of an 
animal suffering from want of oxygen leaves the lung and the time 
when evacuation in the pump is complete, a large amount of oxygen 
undoubtedly disappears. This disappearance of oxygen might easily 
account for the whole difference between the oxygen tensions indicated 
dy the carbonic oxide and those inferred from blood-pump determi- 
nations. Even with normal arterial blood Pfliiger found in one case 
that about 10% of oxygen had disappeared before the blood was 
evacuated when the ordinary pump was employed. 

In connection with this discussion a further possibility must be 
taken into consideration. Geppert and Zuntz’ have expressed the 
opinion, which seems based on good grounds, and has recently been 
endorsed by Miescher and Jacquet’, that some parts of the lung 
may either not be ventilated at all in normal respiration, or are at 
least much less completely ventilated than others. This, if it be 
correct, would not only explain the low oxygen tensions sometimes 
obtained by the acrotonometer method, but would also help to clear 
up the apparent discrepancy, already referred to, between the blood- 
pump results and those obtained by the carbonic oxide method. 
Supposing that in some parts of the lung the blood passed through 
without being saturated, the small amount of extra carbonic oxide 
absorbed in these parts owing to the low oxygen tension would always 
be turned out when the blood again came round to the better ventilated 
parts of the lung. The carbonic oxide method would thus approxi- 
mately indicate the oxygen tension of the blood in the better ventilated 
portions of lung, and not in the worse ventilated. 

We have inferred from these experiments and those in the previous 
section that in asphyxia from atmospheres at low pressures or partially 
deprived of oxygen the symptoms are due, not to lack of oxygen in the 
blood, but to the diminution in the oxygen tension. In order to further 
test this conclusion we have carefully observed what effect on the 
symptoms was produced by partial saturation of the blood with 
carbonic oxide, since by partially saturating the blood with carbonic 
oxide the amount of oxygen in the blood can be greatly diminished, 


1 Pfliiger’s Arch. XIII. p. 229. 1888. 
2 Archiv f. experim. Pathologie, xxxrx. p. 470. 1897, 
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while (other things being equal) the tension is not affected. In no 
case could we observe that the animal became any worse as the 
saturation of its blood with carbonic oxide increased; and indeed 
we were at first inclined to think that the carbonic oxide if not in 
too great excess caused an improvement. The same improvement 
seemed, however, to occur without the carbonic oxide, and had thus 
probably nothing to do with it. It seemed to be invariably the case 
that if the pressure or percentage of oxygen was reduced too rapidly 
symptoms of asphyxia were apt to appear. Several animals nearly 
died in this way, although after a time they were able to live perfectly 
well in the same atmosphere, and the blueness of the skin, which was 
at first evident, disappeared’. After the first experiments we always 
took the precaution of reducing very gradually the oxygen tension of 
the air breathed. In one experiment we first exposed the animal for 
some time to an atmosphere at ordinary pressure containing 16% of 
carbonic oxide, so that its blood must have been about two-thirds 
saturated. On diminishing the pressure we could see no difference 
between the symptoms of this and other animals. It thus seems evident 
that the tension, and not the amount of oxygen was what mattered to 
the animal. If through previous training of the lungs or other means 
the animal could have increased still further the excess of its arterial 
oxygen tension over that of the atmosphere it was breathing it could 
apparently have lived quite comfortably in this atmosphere. That 
previous training may make a great difference in this respect is, 
indeed, very probable from the experience of mountaineers. 

It seems not unlikely that the importance to the animal of the 
attainment of a high oxygen tension in the blood passing through the 
lungs is in some way connected with the large amount of oxidation 
which, according to the very striking experiments of Bohr and 
Henriques’, occurs in the lungs themselves. The experiments of 
the latter observers’, showing how very slight an effect on the 
metabolism is produced by almost completely blocking the circulation, 
seem also to point in the same direction as our experiments on the 
effect of very high saturation of the arterial blood with carbonic 
oxide. 

1 The protocol of an experiment is given in the appendix. 


2 Arch. de Physiologie, 1897, p. 590. 
Ibid. 1897, p. 459. 
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Test experiments with Haemoglobin Solutions. 

In Table VIII. are contained the results of the new experiments 

we made to determine with greater accuracy than before the dissociation 
Taste VIII. 


Experiments to determine the dissociation curve of carboawyhaemoglobin 
in presence of air. 


Saturation of Saturation of 
Temp. °C. % of CO with CO Temp. °C. %» of CO with CO 
876 83-4 — 10 58°4+ 
400 85°3 87° 085 54°8 
— 382 86°3 87° 087 54°8 
— 365 84-0 
867 84 ·4 Average 086 54˙8 
— 300 82˙3 
87° 829 83-2 87° 069 46°4 
— 09 50°6 
Average 361 841 
| Average ‘069 48°5 
87° 294 82°6 
294 80˙0 — 0595 42°6 
Average 204 81:3 
—— 252 76-0 
245 76-0 — "050 38°6 
— "248 78°9 
87° "195 74˙2 
— 036 36-2 
196 25 0855 38-0 
Average 195 087 34˙2 
937 34°3 
— 12⁵ 64°6* 
22 128 68-7 Average 087 36°4 
+ Blood of bird. 
Average 125 64:8 


curve of carboxyhwmoglobin in presence of air. These experiments 
were, when not otherwise stated, made with (about) 1°/, solutions of 
ox-blood at the temperature of the room. The method used was the 
same as that described in our previous paper, but, as already mentioned, 
the shaking was more vigorous, and was continued for 20 minutes. 
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In bright weather the room was also partially darkened during the 
titration. 

In the previous paper we have given the results of several ex- 
periments to show that by means of blood or hemoglobin solutions 
the oxygen tension of a gas mixture differing markedly from air can 
be determined when the carbonic oxide tension is known. In the 
present series of experiments, however, we were putting a greater 
strain upon the method, and we have therefore made a.number of 
additional test experiments. We found in the first place that, as 
shown in Table VIIL, a hemoglobin solution from the blood of 
birds and mice gave the same saturations on shaking with air con- 
taining a given percentage of carbonic oxide, as the hemoglobin from 
the blood of an ox, sheep, or man (see our previous paper). This 
solution however becomes turbid on shaking much more readily than 
ox-blood’. The hemoglobin is also particularly liable to an alteration 
which shows itself in the fact that on saturation with carbonic oxide 
the solution is not so pink as normal blood. To avoid these changes, 
which may easily cause fallacy, we found that it was of great im- 
portance that the bottle employed for shaking the hemoglobin solution 
and gas mixture should be perfectly clean and smooth. Any roughness 
on the glass hastened the coagulation &c. very greatly. 

As the dissociation curve which we formerly obtained was distinctly 
too low on account of insufficient shaking, and the new curve was 
obtained at room temperatures, we made two experiments specially 
to see whether the new curve was also true for the temperature of 
the body. The results, which are given in Table VIII., show that the 
temperature made no appreciable difference. 

Finally, we made several test experiments to see whether, at the 
very low oxygen tensions employed in many of our experiments, and 
at the body temperature, the hemoglobin method still indicated cor- 
rectly the oxygen tension. These experiments (Table IX.) showed 


Taste IX. 


Buperiments on the cures of prenmes 
of air at very low pressures, 


Barometric pressure 
in mm. of in % of an Saturation of 
% of CO mercury Temp. C. minutes heemoglobin 
094 194 25°5 87° 84 56°5 
067 199 26°2 87° 95 48°2 


1 See Ramsden, Arch. . (Anat. u.) Physiol, 1894, p. 517. 
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that the method still gave perfectly exact results. The period of 
shaking employed was 14 hours. The bottle was kept completely 
immersed in a water bath, and was shaken by a machine. We made 
several experiments with about 55 minutes’ shaking, and found that 
the saturations obtained were then slightly (about 3 or 4% ) too 
low. With 30 minutes’ shaking the results were markedly too low. 
It was necessary to allow about 5 times the ordinary period of shaking, 
since the tension of carbonic oxide corresponding to a given saturation 
of the hemoglobin, was in these experiments only about a fifth of 
the tension in experiments with air at ordinary pressure. 

We have not yet determined the dissociation curve of carboxy- 
hemoglobin in the absence of oxygen, but we may mention here the 
results of one or two preliminary experiments in which mixtures of 
carbonic oxide and hydrogen were employed. Thus we found that 
at 37°, and with a tension of 0044 % of carbonic oxide, hemoglobin 
solution after 20 minutes’ shaking became 80°/, saturated. At 15°, and 
with 0047 / of carbonic oxide the hemoglobin became 98°/, satu- 
tated. The hydrogen employed in these experiments was, however, not 
quite free from oxygen, and the shaking was probably not continued 
long enough, so that the saturation obtained at 37° can only be 
regarded as a minimal one, The experiment however was sufficient 
to show that the very low carbonic oxide tensions employed in some 
of our experiments could not appreciably affect the accuracy of 
our method. The results at the same time show the marvellous 
delicacy of hemoglobin solution as a reagent for carbonic oxide. In 
the absence of oxygen as little as 0001 %, or one part in a million, 
of carbonic oxide could certainly be detected colorimetrically with 
hemoglobin solution. 


Cuirr CoNCLUSIONS. 


1. In the animals investigated the normal oxygen tension in the 
arterial blood is always higher than in the alveolar air, and is in some 
animals even much higher than in the inspired air. The absorption of 
oxygen by the lungs thus cannot be explained by diffusion alone. 

2. Fall in the body temperature causes a marked fall in the oxygen 
tension of the arterial blood. 

3. Increase in the oxygen percentage of the alveolar air causes an 
almost proportional increase in the oxygen tension of the arterial 
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blood, so that active absorption still proceeds in atmospheres richer 
in oxygen than atmospheric air. | 

4. Diminution in the oxygen percentage or tension in the alveolar 
air causes a fall in the oxygen tension of the arterial blood; but want 
of oxygen, whether produced by carbonic oxide poisoning, by diminution 
in the oxygen percentage of the air, or by diminution in atmospheric 
pressure, causes a marked increase in the relative excess of arterial over 
alveolar oxygen tension: hence want of oxygen acts as a stimulus to 
absorption of oxygen. 

5. The symptoms caused by diminution in the oxygen tension of 
the air breathed are due to fall in the oxygen tension reached by 
the blood in the lungs, and not to diminution in the quantity of oxygen 
carried by the blood from the lungs. 


APPENDIX. 


PROTOCOLS OF THREE EXPERIMENTS. 


No. 1. Eæperiment on mouse with air containing a high percentage of 
carbonic oxide. 


Full-grown black and white mouse. In bath at about 27°C. Ventilation with air 
containing CO started at 5.7 p.m. (Meter already filled with the mixture.) At 5.9 
hyperpneea and loss of power. Symptoms more marked at 5.10. Mouse very pink. 


Readings of burette observations of time 


delivering CO. for one was 
5.18 88°55 
5.17 84°45 1’ 42” 
1 41” 
5.26 75°3 Mouse no worse, and is fairly lively, 1’ 86” 
though weak in legs. 1’ 36” 
5.31 70°2 At 5.30. Rate of ventilation dimin- 2 10” 
ished. Bath 27°. 3 
5.87 64°06 
2’ 5” 
5.41 59°96 Mouse about same. 2 0 
93” 
5.45 65°86 
5.49 518 Drowned at 5.50. 
36 75 
12 


The ventilation was thus 50 litres in 2’ 5”, or 240 c.c, per minute, and as in each 
240 c.c. of air there was 1°02 c.c. of CO, the percentage of CO (uncorrected) was °425. 
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Analysis of sample of CO from the burette. 
Volume taken 18°205 
After CO, absorbed 18°205 

coO,= 00 
After oxygen absorbed 18 02 
Oxygen = 1385 88 of air = 4.8%. 

true percentage of CO was 407. 


A. Titration up to tint of animal's blood. 
2°7 c.c. of carmine not quite enough. 
2°9 0.0. right 
Slee. „ = 8-1 ce. 
0.0. „ 


8˙8 b. 6. slightly too much. 


B. Titration up to tint of same blood saturated with CO. 
54 0.6. not quite enough. 
5°7 o. c. right 


60cc. „ 
C.. „ 
6°6 c.c. slightly too much. 
saturation = x 701%. 
Corrected for dissociation =72°1°/,. 
As 72°1°/, corresponds on the dissociation curve to 177% of CO, the oxygen tension 
of the blood was $$} x 20°9=48°1°/, of an atmosphere. Corrected for aqueous vapour 
this becomes 46 2%, 


No. 2. Experiment on grey linnet in air containing a high percentage of oxygen. 


“The bottle containing the animal was ventilated in the manner already described with 
a mixture of air and gas from a cylinder of compressed oxygen (Brin’s). This gas 
contained about 88°/, of oxygen. The CO was added in the ordinary way to the current 


taken for analysis. 

eS Readings of meter. 
1.54 69°2 
155 68°25 
156 67˙8 1 litre in 81” 
1.57 66°4 
1.58 65°45 
159 645 
2.0 63 ˙6 
2.1 62°65 


2.3 60°85 


~ 
M7 
* 
q 
PH. XXII. 17 
4 
a 


— — 


— 


256 J. HALDANE AND J. I. SMITH. 
Reus OO Readings of meter. 
24 699 | 
2.5 59°0 1 litre in 81” 
2.6 58°05 
2.7 57°15 
2.8 56°25 
2.9 55°35 
2.10 54°45 15 
2.1 58°5 
17 157 = “74 litres per minute. 


percentage of CO (uncorrected) = = 125. 


Analysis of sample of CO from the burette. 


After O, absorbed 17°055 
O,= *205=5°7°, of air. 
„ the true percentage of CO was 4116. 
Titration of the blood solution (centrifugalised). 


A. Up to tint of animal’s blood. 


‘7 e. o. not quite enough. 
9 0. o. right 
1˙1 0.0. „ 
18 0.0. 


B. Up to tint of same blood saturated with CO. 


7°83 O. 0. not quite enough. 
77 .o. =72 


8˙1 0, „ 
8°5 c.c. slightly too much. 
“, saturation 2%, 


Corrected for dissociation 27 5. 
As 27°5°/, corresponds on the dissociation curve to 026% of CO the oxygen tension 
of the blood was 520 20.994 8% of an atmosphere. Corrected for aqueous vapour 


(at 42°) in the alveolar air this becomes 87°2. 


Analysis of gas from ventilation current. 


Volume taken 14˙21 
After CO, absorbed 1416 
00. 05 

After O, absorbed 750 
„ Og= 


| 
Bt Volume taken 17°26 
After CO, absorbed 17°26 
j 
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No. 8. Experiment on mouse in an atmosphere at low pressure. 


During this experiment, which was arranged in the manner already described, a 
constant negative pressure of 195 mm. of mercury was (after the first few minutes) 
maintained. The barometer stood at 755 mm., and the pressure gauge at 560mm. The 
bath was kept at about 28°, Between 11.20 and 11.30 the pressure was gradually reduced 
to 210mm. The delivery of carbonic oxide was begun at 11.82. At this time the animal 
showed marked loss of power over the limbs. The respirations were 172 per minute, and 
not very deep. The skin seemed slightly blue. 


Readings of burette 
delivering CO. for one revolution, was 
litres). 
11.38 95% 
86 94°65 Pressure now reduced to 195 mm. 50 in 2 50” 
40 934 Mouse fairly well: sitting up. Resps. „ Sad 
180, Not blue. 
46 91°6 
49 90°72 „ 
52 89 ˙9 wae 
55 89 05 „» 68” 
58 88 ˙2 
12.4 86°55 Mouse as before. Resp, 160. „ „ 0% 
10 84˙95 
14 83 ˙9 „ * 8” 
23 81°65 As before. Resp. 150. „ „ © 6 
25 
28 80°35 „ 
85 78°55 „ „ 
39 
44 765 Skin quite pink, and not blue. „ „ B15” 
47 75% Resp. 150. Hyperpnca scarcely no- „ „ 8 16” 
ticeable, and breathing looks about 
normal. 
52 
58 72˙8 
12 71°8 o 
5 71°05 Oreeps about; and seems quite as eee od 
30 75 _— lively as at beginning of experiment. 
‘25 Skin quite pink. ventilation - 152 litres 
Killed at 1.7. per minute. 


The percentage of CO (uncorrected) was thus = = 164% 


Analysis of CO from the burette. 
Volume taken 16°80 


After O, absorbed 16°67 
„ O= of air. 
. the true percentage of CO was 168 %. 
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Titration of the blood solution. 
A. Up to tint of animal’s blood. 
No. 1. 
2°5 not quite enough. 
2°7 right) . 

8:1 slightly too much. 


No. 2. 
25 not quite enough. 
27 right. 
29 „ 
8°1 slightly too much. 


B. Up to tint of same blood saturated with CO. 


not quite enough. 


9°0 right 29-4. 8 7 right 
94 ” 57 
9°8 slightly too much. o4 „ 
9°9 slightly too much. 
saturation= x = 55-4 los 4 saturation 
Mean = 55°5. 


_As 56°6 corresponds on the dissociation curve to 091 % of CO, and as the pressure 
was 195 mm., and the tension of aqueous vapour in the alveoli 46 mm., so that the 


alveolar tension of 00 was 1d 
209x of an atmosphere. 


0810, the arterial oxygen tension was 


a 
| | 86 not quite enough. — — 
1 Corrected for dissociation = 566 %. 
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THE VASO-CONSTRICTOR FIBRES OF THE GREAT 
AURICULAR NERVE IN THE RABBIT. By W. M. 
FLETCHER, B.A, Coutts Trotter Student, Fellow of Trinity 
College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


ScHIFF' was the first to obtain constriction of the vessels of the ear by 
stimulation of the great auricular nerve in the rabbit. He also found 
that eight to ten days after extirpation of the superior cervical ganglion 
with the upper part of the cervical sympathetic,—+.c., after degeneration 
of the fibres proceeding to the ear by way of the cervical ganglion, 
stimulation of the great auricular nerve caused exactly the same vaso- 
constriction as before. In consequence of this and of other experimental 
results, Schiff concluded that the vaso-constrictor fibres of the great 
auricular nerve arise from the spinal cord in the upper cervical region 
and pass outwards in the roots of the cervical nerves which send 
branches to the great auricular. 

This experiment by Schiff on the rabbit has not, so far as I am 
aware, been repeated*. As it is one of considerable importance I have 
made four experiments upon the point and in each case have obtained 
the same results as Schiff Experiment II., given below, includes an 
example. 

In connexion with these observations certain minor points may be 
noticed. 

1. It has been supposed that the great auricular nerve receives 
vaso-motor fibres from each of the cervical nerves from which it arises. 

This I have not found to be the case. The 3rd cervical nerve always 


1 Gasette hebdomadaire. 1854. Legons sur la Physiologie de la Digestion, Vol. 1. 
p. 241. 1867. Paris, 1867. 

* Morat (Arch, de Physiol. 1891, p. 98) gives one experiment on similar lines in the 
dog. Eight days after extirpation of the superior cervical ganglion and of the ganglion 
of the ear. 
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has a vaso-motor effect upon the ear vessels when stimulated near the 
vertebral column, but I have not found any effect on stimulating the 
ventral divisions of the 4th (or of the 2nd) cervical nerves. It is 
possible of course that this is a distribution subject to individual varia- 
tion. 

2. The interrupted current used for the stimulation of the cervical 
nerves must be, as Morat found, considerably stronger than that 
ordinarily used in nerve stimulation. This no doubt is due to the 
thickness of the sheath of these nerves. The absence of effect which 
was noted by Pye-Smith’ is probably to be explained as the result of 
inadequate stimulation. 

3. Lovén* observed that the great auricular nerve affected chiefly 
and sometimes solely the tip and sides of the ear. And subsequent 
observers have described this vaso-constriction as occurring chiefly or en- 
tirely in the distal part of the auricular artery. In my own experiments 
similar results have been obtained. The distal third of the artery has 
always exhibited the best constriction, but I have usually found the proxi- 
mal third of the artery to show marked constriction equal in one case 
to that in the distal third. The middle third of the artery has always 
been the least affected and has often simply become moniliform. The 
constriction is usually slow, beginning in about 6 to 8 seconds and 
reaching its maximum in 20 to 25 seconds. The cervical sympathetic, 
as is well known, causes in about 3 to 5 seconds, when stimulated even 
with weak currents, complete constriction of the whole artery. I have 
often observed however that the terminal bifurcation of the artery is 
affected later or even less than the main trunk, on cervical sympathetic 
stimulation. 

The return flush after stimulation is also usually dissimilar in the 
two cases. After cervical sympathetic stimulation it has been generally 
found that the return flush is most prompt distally and travels towards 
the base of the ear; after stimulation of the 3rd cervical nerve, it is 
most prompt proximally and affects the terminal bifurcation of the 
artery last. 

The chief result of these experiments is a confirmation of Schiff's 
statement that extirpation of the superior cervical ganglion does not 
cause degeneration of the vaso-motor fibres of the great auricular nerve. 
It does not however follow that the vaso-motor fibres in question leave 
the spinal cord in the roots of the 3rd, or its adjoining cervical nerves. 


1 This Journal, vi. p. 25. 1887. ® Ludwig's Arbeiten, 1866. 
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It has long been known that the vertebral ramus of the ganglion 
stellatum sends filaments to most of the cervical nerves and it has been 
said to send filaments to them all. It has been shown experimentally 
by Langley’ that in the cat the vertebral ramus sometimes, but not 
always, sends pilo-motor (and vaso-motor) fibres to the dorsal branches of 
the 3rd cervical nerve. He has not found vaso-motor fibres passing to 
the ear by this course, but it is to be remembered that in the cat the 
great auricular nerve is more anterior in origin than in the rabbit: in 
the cat it arises chiefly from the 2nd cervical and in the rabbit from the 
8rd cervical. The possibility that the vertebral ramus contains vaso- 
motor fibres for the ear has been mentioned by more than one writer, 
but there do not appear to be any experiments directed upon this 
point. 

I have made four experiments in which the thoracic sympathetic 
was stimulated just below the ganglion stellatum, after section of the 
thoracic rami of the ganglion, and after section of the cervical sympa- 
thetic. (See Exps. I. and II. below.) In each case stimulation by 
means of a weak current caused constriction of the vessels of the ear 
similar in character to that produced by stimulation of the great auricular — 
nerve. Section of the 3rd cervical nerve outside the vertebral canal, 
moreover, completely abolished the effect of stimulating the thoracic 
sympathetic or the ganglion stellatum. 

It follows that in the rabbit, the ramus vertebralis of the 
ganglion stellatum contains vaso-motor fibres which pass to 
the ear by way of the 3rd cervical nerve and the great 
auricular. 

It is important to notice that the vertebral ramus of the ganglion 
stellatum causes a constriction indistinguishable from that following 
stimulation of the great auricular itself (see Exp. II. below). The 
obvious conclusion is that the great auricular receives no other fibres 
than those coming to it from the vertebral ramus. It is true that both 
Schiff and Morat“ quote some direct experiments to show that the 
vaso-motor fibres pass out in the upper cervical nerve roots, but these 
experiments do not appear to be free from sources of error. And at the 
least, the fact that the great auricular does receive vaso-motor fibres 
from the ganglion stellatum throws grave doubt upon conclusions 
arrived at without taking that fact into consideration. 


1 This Journal, xv. p. 208. 1898. 
3 Journ. de Phys. norm. et path. 1891, p. 98. 
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The fibres which pass to the ear by the ramus vertebralis apparently 
arise from the cells of the ganglion stellatum, for in Exp. II. (op. below) 
cautious application of nicotin to the ganglion abolished the effect of 
stimulating the sympathetic chain a little below (centrally of) the 
ganglion. 


ILLUSTRATIVE EXPERIMENTS. 


Exe. I. Rabbit. A. C. k. given. Chest wall opened on the right side by 
removal of parts of Ist, 2nd and 3rd ribs. Artificial respiration. Right 
stellate ganglion exposed. Sympathetic tied and cut ? inch below ganglion. 

Secondary coil at 8 cms. Current distinct but weak on tongue. 

12.39 p.m. Stimulate below stellate ganglion. Good constriction of vessels 
of right ear in 5”. 
12.40 Right cervical sympathetic tied and cut in neck. 
12.41 Stimulate cut end cervical sympathetic. Good constriction in 4 —5“ 
along main artery. Terminal bifurcation not affected till 8”—10”. 
12.43 Stimulate below stellate ganglion. Moderate constriction, chiefly 
along proximal third of artery. 
12.48 Stimulate below stellate ganglion. Good constriction in proximal 
third in 5“—8“. Terminal bifurcation fairly constricted. 
12.50 Same. Very good constriction in 6’—8”. Terminal bifurcation now 
well constricted but not so well as proximal third of artery. 
12.55 Upper thoracic rami cut. 
12.56 Stimulate cut end cervical sympathetic. Good general constriction 
in 5”. Obliteration of main artery in 7”. Return flush good in 
20”—30” after stimulation ceases. Flush appears distally first. 
12.58 Stimulate below stellate ganglion. Good constriction in 7“ distributed 
as before. Obliteration of proximal third of artery in 10“ —12“. 
Return flush quicker than in last, good in 10”—14” after stimula- 
tion ceases. 
1.0 Ventral branches of upper cervical nerves of right side exposed by 
deep dissection in neck. 
1.4 Stimulate cervical sympathetic. Effect as before. 
1.5 Stimulate below stellate ganglion. As before. 
1.8 Out branch of IV cervical running to join IIT cervical. 
1.9 Stimulate below stellate ganglion. As before. 
1.10 Out main branch of IV cervical. 
1.11 Stimulate below stellate ganglion. As before. 
1.12 Cut III cervical. Good flush of ear vessels. 
1.134 Stimulate below stellate ganglion. No result. Ear remains flushed. 


1.15 Stimulate below stellate ganglion. No result after stimulation con- 
tinued for a minute. 
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1.17 p.m. Stimulate cut peripheral end III cervical. Slight slow constriction. 
Secondary coil at 4 ms. Ourrent hardly bearable on tip of tongue. 

1.18 Stimulate III cervical. Good constriction in 8”—10". Good in 
proximal third of artery, slight more distally, moderate at terminal 
bifurcation. 

1.25 Stimulate III cervical. As before. In 35” terminal bifurcation was 
as well constricted as proximal third. Middle third of artery 
remained poorly constricted. 

1.27 Stimulate cut peripheral end IV cervical. No result. 

1.29 Stimulate below stellate ganglion. No result. 


Expr. II. Rabbit. Superior cervical ganglion and } inch of cervical 


„ sympathetic on the right side had been excised under ether 8 days previously. 


4. c K. given. Right stellate ganglion prepared as in Exp. I. Thoracic 


rami cut. 
Secondary coil at 8 cms. Weak. 
1.50 p.m. Stimulate below stellate ganglion. Good constriction in 8”. 
Begins in 5”. Proximal and distal thirds well constricted. 
Middle third slightly constricted and moniliform. Return 
flush in 20” after end of stimulation. 

1.53 The same. Result as before. Begins in 6“, good in 10”. 

2.0 Stellate ganglion cleared, and painted with 3% solution nicotin. 

2.1 Terminal bifurcation constricted. 

2.5 Proximal part of artery moderately constricted. 

2.15 Good flush over whole ear. Stimulate below ganglion. No result. 

2.16 Stim. ganglion itself. As at 1.50, but constriction feebler and slower. 

2.18 Stimulate below ganglion for 60”. No result. 

2.19 Stimulate ganglion. As before. Constriction good now in proximal 
part and at terminal bifurcation. 

2.25 The same. Very poor constriction. 

2.27 Cut right III cervical. 2.28 Stimulate ganglion. No result. 

Secondary coil at 5 cms. Shocks strong. 

2.31 Stimulate III cervical. Very good constriction distal and proximal 
thirds. Good but slower in middle. Return flush in 20” after 
cessation of stimulus. 

2.35 Stimulate stellate ganglion. No result. 2.42 Good flush. 

2.43 Stimulate II cervical. No result. 

2.44 Stimulate II cervical for 90”. No result. 

2.47 Stimulate IV cervical. No result. 

2.48 Stimulate III cervical. As before. 

2.55 Stimulate IV cervical for 90”. No result. 

2.57 Stimulate III cervical. As before. Begins 5“, very good in 8”—10", 
Return flush in 20”. 
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THE CORTICAL MOTOR CENTRES OF THE OPOSSUM, 
DIDELPHYS VIRGINIANA. By R. H. CUNNINGHAM, 
M.D., Demonstrator and Alumni Fellow in Physiology, Columbia 
University, New York. (One Figure in Text.) 


ALTHOUGH the cortical motor centres of many of the lower mammalia 
and of various birds have been carefully investigated and more or less 
accurately mapped out by a number of observers, chief among whom 
are Ferrier, Obersteiner, Albertoni and Michieli, Fuerstner, 
Mann, and Mills, there seems to exist, so far as I can discover, no 
description’ of the various cortical motor centres that are found in the 
brain of the opossum. To be sure, the microscopical as well as the 
macroscopical anatomy of the opossum brain has been minutely 
described by Herrick*, who regards the precrucial lobe as typically 
motor in its microscopical structure and the parietal and occipital 
portions of the cortex as composed of motor and other nerve cells, but this 
writer does not state whether or no these views have been corroborated 
by a physiological investigation of the cortex with the electric current. 
Hence the experiments described in this paper were made with the 
view of accurately determining what portions of the cortex of the 
opossum are electrically excitable. The surface anatomy of the pallium 
of the opossum resembles very much that of the hedgehog, whose 
cortical centres have been described in detail by Mann“. 

On the pallium of the opossum the transverse sulcus, or pre- 
sylvian fissure as it is termed in the hedgehog brain by Mann, is 
usually well defined and situated at the junction of the anterior and 


1 Since this paper was forwarded to the editor I have found in the Centralblatt fiir 
Physiologie, Oct. 16, 1897, that Professor Ziehen has recently investigated the location of 
the cortical motor centres in one young, slightly etherized opossum. His results differ so 
from mine that I can venture no other explanation than the one fully discussed in this 
paper, namely, the employment of a very strong electrical stimulus (secondary coil at one 
centimetre from the primary being necessary to excite the fore limb centre) on an 

anssthetized animal. 

1 C. L. Herrick. Journ. of Compar. Neurology, u. p. 1. 1892. 

* Mann. Journ. of Anat. and Physiol. xxx. p. 1. 1895. 
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second fourths of the cranial surface of the pallium. The dorsal cortex 
is thus separated into a small so-called precrucial portion and a large 
parieto-occipital portion. Laterally, each hemisphere is separated into 
a dorsal and a ventral portion by the rhinal fissure. The sylvian fissure 
is inconspicuous and does not extend across the rhinal fissure. The 
olfactory lobes are very prominent and are larger in the opossum in 
proportion to the cerebrum than is the case in the hedgehog; but 
in other respects the superficial configuration of the brain of the 
marsupial opossum is, as has already been stated, practically identical 
with that of the hedgehog. 

Ewperiments.—Of the three opossums employed for this investiga- 
tion one was a young male, the others elderly females. Ether narcosis 
was induced in all the animals and great care was exercised to maintain 
a proper degree of anesthesia during the entire experiment; for, 
according to the experience of the writer, in order to obtain results 
with any pretensions to accuracy it is absolutely essential for the 
animal not to be imperfectly anesthetized. Early in each ex- 
periment tracheotomy was performed and a large cannula inserted. 
To the cannula a rubber tube was attached and the administration 
of the ether conducted through the tube during the rest of the experi- 
ment. By so doing danger of possible local action of the escaping ether 
vapour on the cortex was considerably diminished. After rapid ex- 
posure of a large portion of one hemisphere and the anterior region 
of the other and the checking of all hemorrhage from the bone by 
means of plastic wax, the cortex was covered with a small pad of cotton 
well moistened with warm normal saline solution. The skin flaps were 
then replaced and all further manipulations except the etherization 
suspended for about fifteen minutes in order to allow the brain to 
recover from the shock. Then the warm cotton was removed, and 
all adherent fluid was gently mopped up from the surface of the brain ; 
next, the stimulator with its platinum-pointed electrodes 1 to 2 mm. 
apart was systematically applied for about five seconds to certain regions 
of the cortex and the results carefully noted’. After several adjacent 
areas had been explored with induced currents of different intensities, 
the warm cotton was replaced and the cortex allowed to rest for five or 
six minutes before the electrodes were reapplied to other regions of the 
cortex. After the position of the various centres had been determined 


1 In this connection the writer wishes gratefully to acknowledge his indebtedness to 
Dr Reid Hunt, for his kind and careful assistance rendered during this stage of the 
experiments. 
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and repeatedly verified, their distance from two fixed points was 
measured and their location marked upon an accurate diagram of the 
brain drawn to scale upon paper ruled in small squares. Finally each 
animal was killed with an overdose of ether and its brain removed, 
photographed, and preserved for future reference. 

Eap. 1—Female opossum. Left hemisphere first exposed and 
stimulated, later the right hemisphere and a large part of the olfactory 
lobes were also explored. Distance between electrodes - 1mm. Unless 
otherwise noted, the movements occurred on the side of the body 
opposite to that stimulated. Stimulation of the centres 1—7 (Fig. 1) 
gave rise to the following movements: 


ONG? 
07 


Fie. 1. 


(1) Extension of digits of fore-paw and of the wrist. Toes widely 
separated. With a current of less intensity extension with adduction 
of the first toe frequently took place. With a very weak current 
extension of the first toe alone was produced. 

(2) Flexion and adduction of the toes. Flexion of the wrist. 
These movements could only be elicited during the earlier stages of 
the experiment. | 

(3) Elevation of the shoulder, advancement forward of the arm, 
partial flexion of the forearm, extension. of the wrist and digits. 

(4) Bilateral facial movements. Momentary elevation of left lip 
and twitching of eyelids. Respiration much slowed. On holding the 
mouth open a very distinct tremor of the tongue was visible when the 
stimulus was acting. 

(5) Opening of the mouth, movements of the tongue, and often 
the act of deglutition followed. 
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(6) A slight twitching of the ale of the nose occurred with a 
strong current; nothing with a weak one. Application of the same 
current to the olfactory lobes produced the same result. Stimulation 
of the precrucial regions of both hemispheres at the same time gave 
rise only to a more marked twitching of the nares. Application of 
a very strong current (secondary coil of the du Bois inductorium 
at 4 cm.) to one precrucial lobe for five seconds gave rise to a 
slight general fit, which apparently began in the shoulder and fore- 
limb. 

(7) Opposite ear drawn backward and its extreme tip folded 
inward. 

Stimulation of the occipital and other portions of the cortex were 
without results. 

Eap. 2.—Young male opossum. The results obtained in this animal 
were practically the same as in the preceding experiment except that 
the movements described under (2), and the infolding of the tip of 
the ear could not be produced by stimulating the cortex. At the 
point designated by (8) on the diagram, the application of the electrodes 
was in one instance followed by the drawing up of the opposite hind- 
limb and immediately afterward by slight, apparently voluntary move- 
ments of the other limbs; but after regulation of the anesthesia and 
repeated reapplication of the electrodes to this point as well as to 
various other spots in its vicinity, no discernible response could be 
detected in the hind-limb. | 

Exp. 3.—Elderly female opossum. The infolding of the tip of the 
opposite ear could not be produced; the location of the centre (7) was 
slightly different from that in Exp. 1, being situated two millimetres 
further forward. Otherwise the results in this animal were the same 
as those in Exp. 1. 

After an examination of the above results it seems rather remark- 
able that in none of the opossums could trustworthy movements of the 
hind-limb be produced by stimulating the cortex, for one would suppose 
that the hind-limb movements ought to be fairly well represented in 
the cortex, since the hind-paw of the opossum is furnished with a 
peculiar thumb-like toe which the animal skilfully uses like a thumb 
in climbing or moving about in small trees. Nevertheless when I 
recalled to mind the results of several stimulation experiments per- 
formed by me several years ago on the brains of rabbits and other 
rodents, this apparent absence of cortical representation for movements 
of the hind-limb in the properly anzsthetized opossum is exactly what 
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I thought would probably be found. Like Mills’ and certain other 
investigators I have never been able to produce in properly anesthetized 
rabbits and other smaller rodents definite movements of the hind-limb 
by stimulating the cortex with a current of reasonable intensity. If 
the animal be first deeply etherized, as is usually done while the cranial 
cavity is being opened, and then the etherization suspended for the 
profound narcosis to diminish, it generally happens that just before 
the animal recovers sufficiently to make more or less haphazard 
voluntary movements of the limbs and body, it falls into a peculiar 
quiet state in which it seems to be very profoundly narcotized. In 
reality, however, the narcosis is slight, and the application of even a 
mild electrical stimulus to the cortex will often so arouse the animal 
that it will suddenly make fairly vigorous struggling movements. 
Thus, in the earlier stages of this imperfect, lessening narcosis even 
mild electrical stimuli, momentarily applied to the so-called cortical 
hind-limb centres of the rodent brain, will usually be productive of 
more or less brief movements of the opposite hind-limb which are by 
no means always uniform even though the electrodes be applied each 
time to the same region of the cortex. With a stimulus applied for 
five seconds both hind-limbs and even both fore-limbs often move. 
Such general movements may either quickly subside or continue until 
the animal is quieted by a further dose of the anesthetic. Evidently, 
under the former circumstances, the cortical stimulation arouses the 
depressed animal just enough for it to make a few brief, voluntary 
struggles, and in the latter case the narcosis is sufficiently slight for 
the stimulus to arouse the animal completely. 

As regards the cortical representation of the movements of the hind- 
limb my experience in the opossum was similar to the one above 
described in rodents. Only in a condition of imperfect narcosis was it 


possible to produce by stimuli of reasonable strength movements of the 


opposite hind-limb. Therefore, it was impossible to definitely locate 
a centre, or centres for movements of the hind-limb in the cortex of the 
above-mentioned opossums. A careful search for a centre controlling 
the movements of the prehensile tail also resulted negatively. Stimula- 
tion of the occipita] region did not produce movements of the eyes. 

The cortical representation of the fore-limb, of the mouth and 
tongue, of the muscles of deglutition and of those causing movements 


1 Wesley Mills. ‘Cortical Cerebral Localization, etc.,’’ Trans, of the Royal Soc. of 
Canada, u. 1896-97. 
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of the ear seems to be well marked, although from my results it can not 
be said that the foci for the individual movements executed in those 
regions of the body are sharply differentiated. Lastly, if one compares 
the preceding results with the fairly elaborate ones obtained by Mann 
in the hedgehog, it is evident that the locations of the various excitable 
cortical centres are slightly different in the two animals, and that 
although the general configuration of the dorsal cortex of the opossum 
very much resembles that of the hedgehog, one must conclude that 
the cortical centres of the marsupial opossum are on the whole not 
so well organized as those of the insectivorous hedgehog. 


Nov. 1897. 
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FURTHER OBSERVATIONS UPON THE GENERAL 
PHYSIOLOGICAL EFFECTS OF EXTRACTS OF THE 
SUPRARENAL CAPSULES. By SWALE VINCENT, 
M. B., Lond., British Medical Association Research Scholar’. 


(From the Physiological Laboratory, University College, London.) 


IN a previous paper I have given the results of a series of experiments 
upon rabbits, guinea-pigs, rats and mice, frogs and toads. In order to 
make the investigation more complete I have since performed a number 
of experiments upon dogs and cats, and the results of these are stated 
in the present communication. 

Oliver and Schäfer“ found that comparatively large doses of 
aqueous suprarenal extracts might be injected into the dog, the guinea- 
pig, and cat without producing any obvious effects. With larger doses 
in the guinea-pig and the dog they only observed a slight transitory 
disturbance of the body temperature. The effects of larger doses in the 
cat they do not record. 

I have already described the effects of considerable doses in the 
guinea-pig’, and in the case of the dog and the cat have employed 
much larger quantities for injection than were employed by Oliver 
and Schafer; and have found (as indeed with all other animals em- 
ployed) that a fatal result accompanied by characteristic symptoms 
supervened if a sufficiently large dose were given. | 

I have performed four experiments upon dogs and two upon cats. 

The first effect noticeable in dogs is excitement. There is increased 
muscular activity, which passes into a stage of agitation with tremors, 
until paresis and finally paralysis come on. Thirst is also a striking 
symptom in dogs. There is abundant micturition, but I have observed 
no hematuria. Vomiting occurred in two cases. A peculiar statuesque 


1 The expenses involved in this research have been defrayed by a grant from the 
Government Grant Committee of the Royal Society. 

2 This Journal, XXII. p. 111. 1897. 

This Journal, xvit. 1895, 
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attitude bas characterised all four dogs after the first stage of excite- 
ment passed off. Before paralysis sets in, muscular effort appears to be 
accompanied by pain: the dog frequently raises a limb from the floor 
as if the contact were painful. There appears to be no hyperesthesia 
of the skin. The paralysis which comes on before death is similar in 
all respects to that which occurs in other animals. 

The following are two experiments supporting these observations :— 


1. A dog, wt. 6°95 kilos, breathing at the rate of 16 per minute, and 
having a rectal temperature of 38-9° C., was injected at 3.5 p.m. beneath the 
skin of the back with a suprarenal extract equivalent to 60 grammes of 
the fresh gland (cortex and medulla taken together). At 4.5 the dog appeared 
very excited, the injection having acted as a decided stimulant. At 9 on the 
following morning the dog was found lying on its side and could scarcely be 
made to stand, There were fibrillary twitchings in different parts of the 
body. Although the animal was very feeble, there was no definite paralysis 
at this stage. Reflexes and sensation good. Had drunk large quantities of 
water and passed much urine. The subcutaneous tissues were distinctly 
ceedematous. 9.15 vomited. R. 24, very shallow. Pulse too feeble to be 
counted. At 1 o’clock the animal died. P.M. Nothing abnormal noticed in 
the organs except a small infarct in the pancreas. Subcutaneous tissues 
cedematous and blood-stained. 


2. A dog, wt. 6°65 kilos, having a rectal temperature of 38°C. Heart- 
beats 120. Resp. 22, was injected at 9.25 am. with an aqueous extract 
of suprarenal gland equivalent to 60 grammes. The immediate effects were 
slight. 9.55. Effects began to come on; the dog was restless and whined 
continually: hind-limbs began to get weak. Ht. 130. Resp. 30. 10.5. 
was getting weaker, lay much on its side. 10.35. Stretched out the limbs, 
and grew less and less responsive, at the same time very restless and un- 
comfortable. 11.5. Got very thirsty: leaned against the wall for support. 
Soon the hind-limbs began to get very weak and slight spasms occurred. 
3 o'clock, vomited. 5.0. Much vomiting: very thirsty: characteristic 
statue-like pose. 5.40. Resp. 22, rather laboured. All these symptoms 
became exaggerated up to 8.30 p.m. at which time the dog was left in a very 
feeble state. Resp. 34. On the following morning at 10 o’clock, the animal 
was found unable to stand up, temp. 26°7°C. Resp. 12. Ht. 100 and fairly 
strong. At 11 o'clock slight convulsions occurred and in another half hour 
the dog was completely paralysed, and the temp. is 26°C. The respiration got 
gradually slower, till at 3 o’clock they were 9 per minute, after this the dog 
passed urine and fes, breathing became slower and slower and death occurred 
at 3.10. The urine passed just before death was dark-coloured, acid in 
reaction, contained no abnormal constituent except a faint cloud of albumen. 
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P.M. Extensive ecchymoses and edematous patches in the abdominal walls. 
The blood throughout the body was venous. The spleen was shrunken in 


ce 


The noteworthy point about this experiment was the extremely low 
temperature recorded. 


In cats by far the most noticeable feature was an enormous rapidity 


of the respiratory movements, in the early stage. Thirst and loss of 


appetite were present in both cases. The paralysis of the limbs was not 
so definite as in other animals, but the breathing became gradually less 
and less frequent towards death. The following are the notes of one of 
these cases : 


A cat, wt. 3°15 kilos, breathing at the rate of about 60 per minute, was 
injected under the skin of the back with a suprarenal extract equivalent 
to 26°25 grammes of the fresh gland (cortex and medulla taken together). 
The injection was performed at 3.15 p.m. After a few minutes the breathing 
became hard and quick, the hind-limbs became feeble and soon the animal 
was lying down breathing at about 200 per minute. At 5.55, still alive. 
The next morning at 9 o’clock the cat was found dead. The P.M. revealed 
nothing abnormal. 


As such large doses had to be given to dogs and cats to produce 
symptoms, I was anxious to make myself certain that other tissues and 
organs would not produce any toxic effects when prepared and adminis- 
tered in the same way. Accordingly an extract was prepared (by 
boiling for a short time and filtering) of 37 grammes of rabbit’s liver, 
and injected subcutaneously into a dog weiging 45 kilos without produc- 
ing the slightest effects. Again, I injected into the same dog extract of 
37 grammes of sheep’s brain with similar results. 

Now, as I have previously found that extracts of spleen, kidney, and 
muscle are inactive, and have here found that injection of liver and 
brain produce no effects, it appears probable that the suprarenal gland 
(with the exception possibly of the thyroid) is the only mammalian 
gland or tissue which produces toxic effects when a boiled and filtered 
extract is administered subcutaneously. 

I have ascertained that, in the cat at any rate, doses sufficient to 
kill do not raise the blood-pressure within half-an-hour of injection 
beneath the skin. 


1 Pituitary extracts were also found to produce no symptoms. 
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A COMPARISON OF THE PHYSIOLOGICAL ACTIONS 
AND CHEMICAL CONSTITUTION OF PIPERIDINE, 
CONIINE AND NICOTINE. By B. MOORE anp R. ROW. 
(Five Figures in Text.) 


(From the Physiological Laboratory of University College, London.) 


ALTHOUGH the constitution of the nicotine molecule has not yet been 
completely established, it is certain that it contains two well-marked 
organic groups. It is generally agreed among organic chemists that 
one of these groups is a pyridene ring; regarding the other group there 
is still a considerable amount of controversy. The presence of a pyri- 
dene ring is shown, by the formation of nicotinic acid (t.e. 8-pyridine- 
carbonic acid) when nicotine is treated with oxidizing agents, such as 
nitric or chromic acid’: and by the fact that it is an unsaturated 
compound capable of forming addition products with bromine or 
hydrogen’. 

One view as to the character of the second group is that it also 
contains a pyridene ring which is wholly or partially reduced: so that 
nicotine might be regarded as a dipyridyl derivative. This view is 
supported by the researches of Cahours and Etard', who have shown 
that nicotine on cautious oxidation with potassium ferricyanide in 
alkaline solution loses 4 atoms of hydrogen and yields a body with the 
formula CHN, which they have named isodipyridene. If this com- 
pound is formed by direct oxidation from the nicotine molecule, 
unaccompanied by a molecular rearrangement, it points to the presence 
of two pyridene rings (one reduced) in the nicotine molecule since it 
probably has the formula C,H,N—C,H,N. 


1 Huber, Annalen der Chemie u. Pharmacie, oxu1. S. 271. 1867; Berichte der deut. 
Chem. Gesellach. Jahrg. n. S. 849. 1868. 

* Cahours and Etard, Bull. de la Soc. Chim. de Paris, XXXIv. p. 449; Liebrecht, 
Ber, der deut. Chem. Gesellech. 1885, S. 2969; ibid. 1886, 8. 2587. 

Comptes rendus Acad. XVIII. p. 999; xc. pp. 275, 1815; xom. p. 1079; un. 
p. 1218. 
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Since then Etard' has shown that nicotine forms acetyl and 
benzoyl derivatives, and concludes that it hence contains one nitrogen 
atom in a secondary and one in a tertiary form, and most probably has 


the formula | 
HCG ., 


More recently this formula has been disputed by Pinner“, who is 
of the opinion that no second pyridene ring is present, but instead a 
reduced pyrrol ring in which the nitrogen atom is united to a methyl 


group. 
According to Pinner, nicotine is 8-pyridyl-methyl-pyrrolidine with 
the formula 
CH 
HO 
H, 


nt on 
ch 


This formula is deduced from the behaviour of certain bromo- 
derivatives obtained by Pinner, which on decomposition by weak 
alkalies yield, among other products, methyl-amine. Since one pyridene 
ring is certainly known to be present in the nicotine molecule, if a 
methyl group is present in the remainder of the molecule, the empiric 
formula prevents the possibility of a second pyridene ring. 

Pinner assumes that the methyl group is united to nitrogen, and 
hence that nicotine has the formula given above. 

Other formule have also recently been advanced’, but these possess 
little probability from the chemical standpoint, and are further not 
supported by the comparative physiological behaviour of nicotine as 
stated in this paper, and hence need not here be discussed. 


Comptes rendus Acad. vn. pp. 170, 278. 1893. 

2 Berichte der deut. Chem. Gesellsch. Jahrg. XVI. S. 292, 765, 2185. 1893 ; ibid. xxvn. 
S. 1058; ibid. XXVII. S. 456, 1982. 

5 See F. Blau, Monatsheft f. Chemie, xin. S. 330. 1892; Berichte der deut. Chem. 
Gesellach. Jahrg. XXVI. S. 628, 1029. 1898; ibid. XXVII. S. 2585: Oliveri, Gazzetta, xxv. 
1, 59. 1895. 
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Whichever formula be accepted it is certain that the nicotine 
molecule contains a pyridene ring united to a reduced ring containing 
another nitrogen atom, and this reduced ring is very probably either a 
piperidine or pyrrolidine ring. | 

Now piperidine and pyrrolidine are two closely allied bases only 
differing in composition by the presence of one extra CH, group in the 
case of piperidine, as is shown in the following formula :— 


11.6 CH, 


Pyrrolidine is obtained by the reduction of pyrrol in the same 
fashion as piperidine is obtained by the reduction of pyridine, and 
further the physical properties of the two bases bear a close resem- 
blance. 

Again, the nitrogen atom on which the physiological properties 
depend has the same grouping in the two rings being united to two CH, 
groups in the same manner. : 

It is hence fairly probable that pyrrolidine and piperidine are also 
closely allied in their physiological action’. 

The presence of the two constituent groups in the nicotine molecule 
suggests the problem—what share has each group in producing the 
physiological actions of the whole? 

This question we have attempted to solve to some extent by testing 
the separate physiological actions of pyridene and piperidine and 
comparing them with those of nicotine, using the piperidine to repre- 
sent the reduced portion of the nicotine molecule, with which it is 
closely allied in chemical nature. 

Our attention was first attracted to the subject by the enormous rise 
in arterial blood-pressure caused by intravenous injection of nicotine. 
Taking this rise in blood-pressure as a criterion, we tested the effects of 
intravenous injection of both pyridene and piperidine and found that 
while pyridene caused a marked fall, piperidine caused a much more 
extensive rise. 

The fall due to pyridene had already been described by Lauder 


1 We have not yet been able to obtain a supply of pyrrolidine, but intend subsequently 
to study its physiological action. 
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Brunton and Tunnicliffe’ some years previously, and quite recently 
Tunnicliffe? working with Brunton has briefly described the immense 
rise due to piperidine which he finds is still obtained after section of 
the cord at the level of the occipito-atlantoid ligament or after section 
of the vagi, and is not due to increased heart’s action but to in- 


ereased peripheral resistance. 


Our first experiments with piperidine were made a few days after 
the publication of Tunnicliffe’s results and hence possess no claims to 
priority, but, at the time they were made, we were unacquainted with 
these results, and were guided into trying the effects of piperidine by 
its probable presence in the nicotine molecule. 

These preliminary experiments having made it somewhat probable 
that the effect of nicotine upon arterial blood-pressure was connected 
with the presence of a reduced pyridine or pyrrol group in its molecule, 
we proceeded to test other piperidine derivatives with the view of 
ascertaining whether this was a common property of the reduced 
pyridine ring. Injection of piperin, the alkaloid of pepper, which 
contains piperidine united to piperic acid, was found to cause a similar, 
though less extensive rise; while coniine (ie. a-propyl-piperidine, 


CH, 
OH, Don. 
CH. H-, H,) produced a still greater rise than piperidine itself. 

H 


Further investigation has shown us, not only that the rise of blood- 
pressure is due to very similar actions in all these cases, but that many 
of the physiological properties of the three bodies, piperidine, coniine 
and nicotine are closely allied, and due, we believe, to a common cause— 
the presence of a reduced pyridene or pyrrol group—although intensified 
in different degree by the presence of different side groups introduced 
into the molecule. 

For the purpose of more clearly correlating the actions of the three 
compounds, our experiments are described under various headings. In 
each section, the known facts which have been recorded separately for 
each of the compounds by different observers are stated as concisely as 
possible, because these when looked at collectively greatly strengthen 
the case for a closely allied action due to a closely allied chemical 
constitution. Only those points in which our results differ from those 


1 This Journal, XVII. p. 275. 1894—5. 
® Centralblatt fur Physiologie, x. 8.777. 1897. 
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of others, or those which, so far as we have been able to ascertain, are 
new, are treated of in detail. 


General Effects. 


The effects of subcutaneous injection of nicotine in frogs have been 
described by various observers", and those of piperidine and coniine by 
others“. The accounts given by these various writers for the different 
drugs are closely alike and clearly show that the action is a similar one 

in all three cases. 

We have found that the effects obtained vary somewhat according 
to whether the free base or a salt obtained by its neutralization is 
administered. In the first place, equal results are obtained with much 
smaller quantities of the free bases; and, in the second, there is much 
less of that increased muscular activity which has been described by 
many observers as an initial stage in nicotine poisoning. The probable 
cause of these differences in intensity of action may, we think, be that 
it is in both cases the free base which is really active and that when 
the salt is given it is only gradually liberated by the action of the 
alkalies of the blood and lymph. The increased muscular activity is 
also probably due in great part to the irritation caused by the free 
alkali. 


Whatever be the reason, 2 milligrams of free nicotine or ten of free 
piperidine usually produce as great an effect in a frog as ten milligrams 
of nicotine or 50 of piperidine administered as hydrochlorides. The 
effect is also produced more quickly, and in case recovery takes place it 
does so more rapidly, when the smaller dose of free base is given. 

Piperidine is less strongly active than either coniine or nicotine, 
this we have found to hold throughout all our experiments. The 
result of subcutaneous injection of 10—20 milligrams of nicotine* or 
of coniine, or of 50—100 milligrams of piperidine in each case as a 
hydrochloride in medium sized frogs (weighing about 25 grams), is the 
onset of a muscular paralysis which gradually becomes complete. The 
appearance of the animals, and the characteristics of the paralysis are 
in all three cases identical. The fore-limbs become cataleptic, remaining 


1 For literature see Langley and Dickinson, This Journal, XI. p. 304. 1890. 

2 See Cushny, Journ. of Exper. Med. New York, 1. p. 202. 1896. 

3 Exact doses cannot be stated for two reasons; in the first place, all animals are not 
equally susceptible; in the second, the solutions of the drugs, especially those of piperidine 
and coniine, rapidly undergo oxidation and so lose activity. Hence the doses stated 
throughout the paper must only be taken as rough approximations. 
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in whatever position they are placed. Both fore and hind-limbs become 
set in a peculiar position much more at right angles to the axis of the 
body than normal. The frog when placed on its back can only turn 
over with difficulty, and later does not turn at all. The hind-limbs 
become completely paralysed, remain extended, and finally fail to 
respond to the strongest stimulus, Respiratory movements cease, 
although the heart still continues beating in a normal manner for 
a long time afterwards. 7 


Peripheral and central effects on the nervous system, and on 
skeletal muscles. 


Motor paralysis. If the frogs be pithed after the final condition 
above described has established itself, and the sciatic nerves be exposed 
and stimulated; it is found, in all three cases, that even the 
strongest electrical stimulation calls forth no response in the cor- 
responding muscles, these are however excitable and give a normal 
contraction when directly stimulated. The effect obtained is usually 
as perfect as if the animal had been completely curarized, but of 
course the doses given above are much greater than that required of 
curare. 

The peripheral action of coniine on motor nerve fibres has long been 
known. The peripheral motor paralysis caused by nicotine was first 
described by Rosenthal! and has been confirmed by other observers. 
In the case of piperidine our results differ slightly from those of 
Cushny’, who was unable to obtain complete motor paralysis; but 
did however obtain it with a-methyl- and a-ethyl-piperidine and 
with coniine in smaller doses. 

This result as pointed out by Cushny clearly shows the effect of 
introducing a side group in increasing the toxicity. Our experiments 
show throughout a similar effect. Cushny attributes the failure to 
induce complete motor paralysis to stoppage of the heart before a 
sufficient dose could be given. We have never found a direct stopping 
of the heart due to injection of neutralized piperidine even in very 
large doses (100—200 miligrams); the heart has always gone on 
beating for one or two hours after complete motor paralysis and 
stopping of respiration. Cushny is here dealing with an interesting 
stage of partial paralysis, which is also described in the case of 


Comptes rendus de la Société de Biologie, p. 91. 1867. 
Journ. of Exper. Med. p. 204. 1896. 
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mammals after administration of piturii by Langley and Dickinson’ 
as occurring before complete paralysis comes on. In this stage, a 
single induction stimulus causes an apparently normal effect; but if 
single stimuli are repeated at intervals of half a second the contractions 
rapidly dwindle away and soon no effect whatever is obtained. On 
applying a tetanizing current the effect obtained is a somewhat 
prolonged twitch and not a tetanus. If the tetanizing current be 

applied at short intervals, a jerk is obtained each time; but if the 
interval is made too short, the jerks diminish and disappear. In 
no case is a tetanus obtained on prolonging the period of tetanic 
stimulation, but the muscle relaxes again and remains relaxed as 
long as the tetanizing current is applied. Cushny supposes that 
this partial paralysis may be due to piperidine rendering the nerve 
plates in muscle more liable to fatigue. According to this observer, 
the irritability of the nerve plate does not seem to be affected by 
piperidine, because the minimal current which on application to the 
nerve was capable of causing a muscular contraction continued to do 
so after poisoning by piperidine. This is interesting as showing that 
the injury of the nervous mechanism within the muscle is one affecting 
its power to carry impulses and not its excitability. But, in our 
opinion, there is nothing in the experiments to show that the seat 
of injury is the nerve plate. As in the case of curare, we only 
know from such experiments that the seat of injury lies in the 
intramuscular nervous mechanism, which does not necessarily imply 
in the nerve plates. 

Seat of paralysis. The difficulty of the problem increases when one 

goes on to inquire as to the seat of the general paralysis above 
described; as to whether it is entirely due to the peripheral paralysis 
of motor fibres which undoubtedly takes place, or whether it is due 
chiefly or in part to a paralysis of the centres in the cord preceding or 
accompanying the peripheral motor paralysis. 

Accordingly one finds most diverse opinions expressed in the 
literature on the subject, not only as to the action of the three 
different drugs but also as to the action of each. 

Some observers have assumed, merely because reflex action ceases, 
that the central nervous system is affected*; others have exposed the 


that of njeotine by Langley and Dickinson. 

2 Loc. cit. p. 281. 

Langley and Dickinson, This Journal, XI. p. 272. 1890, 
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sciatic nerve and stimulated after dividing it; on finding that reflex 
action ceased simultaneously with or even before motor action on the 
same side’, they have concluded that the spinal cord is involved in the 
paralysis. A little consideration will show that both conclusions are 
illogical. Failure to obtain a reflex may be due to break down of the 
reflex arc at any point, or to partial break down at two or more different 
points. Suppose one is testing through the whole arc from sensory 
nerve-endings at one end, via cord, to motor nerve-endings at the other. 
If paralysis is obtained, it may be due (a) to injury of sensory endings 
or of the connections of these with sensory nerve fibres, (b) to injury of 
nerve cells or connections of these in the cord or spinal ganglia, (c) to 
injury of motor nerve-endings or connections of these with motor nerve 
fibres, (d) to injury of nerve trunks, (e) to injury of two or more up to 
all portions of this nervous mechanism. It is evident therefore that if 
the positive conclusion that the cord is affected is to be drawn in cases, 
such as those we are discussing, where undoubted peripheral paralysis 
coexists ; at least the peripheral nerve-endings of the reflex arc which is 
being tested must be completely protected from the action of the poison. 
The fact, that after administration of any of the three substances we 
are considering, the reflexes gradually become weaker and disappear, 
and that it is only after the disappearance of all reflex action that 
complete peripheral motor paralysis can be demonstrated, does not show 
that the disappearance of reflexes is due to paralysis of the cord; the 
disappearance of reflexes may have been equally well the signal of 
paralysis of sensory or motor nerve-endings. When the central end of 
the sciatic is stimulated in such a condition, the failure to obtain a reflex 
may be due to the poisoning of the peripheral motor endings and not to 
any effect on the cord. 

In the case of coniine, it is usually stated that the motor nerves are 
peripherally paralysed, and afterwards the motor centres in the brain 
and cord’, We have not been able to obtain any clear evidence 
however that the cord and brain are really involved. The argument 


1 v. Anrep, Arch. f. Anat. u. Physiol. 1879, Physiol. Abth. Supp. S. 182. 
2 Kölliker first showed conclusively that the main paralysing action of coniine was a 
peripheral one on the motor nerves (Virchow’s Arch. x. S. 285. 1856), he found that a 
_frog’s leg left attached by the sciatic nerve only, could be reflexly stimulated at a time 
when the other leg through which the poison had circulated could not be made to react 
either to peripheral stimulation through its nerve or reflexly. Similar results were 
obtained by Guttmann (Berl. Elin. Wochensch. 1866, S. 58), who denies any action 
except a peripheral one on motor nerve fibres. See also Cushny, Journ. of Exper. Med. 
1. p. 208. 1896. 
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that small doses cause increased muscular activity like faint strychnine 
poisoning has not much weight, as there is no ground for the assumption 
that this takes place by a direct action on the cord. If the resistance 
of any part of the reflex arc is diminished increased muscular action 
must be the result; if ceteris paribus the peripheral motor ends be 
stimulated the muscular contractions will be increased beyond the 
normal. There is hence as much ground for believing that the 
increased muscular activity is due to a peripheral stimulus which 
precedes a peripheral paralysis, as for believing that it is due to a 
central stimulus preceding a central paralysis. 

Most observers are also agreed that nicotine causes paralysis chiefly 
by acting on the central nervous system, but on no better evidence 
than in the case of coniine. 

According to v. Anrep‘ the cataleptic condition of the fore-legs 
previously described is independent of the central nervous system, for 
it still takes place after brain, medulla, and spinal cord have been 
destroyed. The same observer states that the paralysis of the motor 
nerve-endings is preceded by a stage in which no reflex action can be 
obtained, which is shown by an absence of effect upon the muscles on 
stimulating the central end of the sciatic, occurring some time before no 
effect is obtained on stimulating the peripheral. Since no precautions 
were taken to prevent peripheral action from destroying the reflex, this 
proves nothing. 

Langley and Dickinson“ give six successive stages of nicotine 
poisoning, which are as follows: (1) Stage of excitation. (2) Stage of 
spasms. (3) Stage of quiescence. (4) Stage of flaccidity. (5) Stage 
of paralysis of the central nervous system; no reflex can be obtained. 


1 Arch. f. Anat. u. Physiol. 1879, Physiol. Abth. Supp. S. 167. This observer is also 
of opinion that the clonic spasms seen in nicotine poisoning are due to a central action 
on the medulla and cord. Such clonic spasm; occur with all three drugs, and probably 
have a common origin. von Anrep gives two proofs that the spasms have a central 
origin, viz. (1) that they cease after cutting the nerves to the part, (2) that they continue 
when the blood is prevented from reaching the part so that there can be no peripheral 
excitation. The first proof is insufficient, for before cutting the nerves a peripheral 
excitation of nerve-endings would cause exaggerated effects to follow normal stimuli from 
the cord, and these would cease on cutting the nerves; the second proof would be 
sufficient if experimentally true, but we have only obtained the opposite result. In a leg 
which has all been ligatured save the sciatic nerve we have never seen any clonic spasms 
with any of the three drugs, and in the case of piperidine and coniine after ligature of the 
abdominal aorta Cushny (loc. cit.) has obtained a similar result, there being no clonic 
contractions of the legs observed. 

1 Loe. cit. p. 272. 
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(6) Stage of paralysis of motor nerve-endings; the muscles are still 
irritable and the heart still beating. 

We agree that all these six conditions may apparently be recognized 
when nicotine is administered and the animal observed without any 
further precaution ; but we deny that stages 5 and 6 show that central 
paralysis takes place first, followed later by peripheral paralysis, or 
indeed that there is necessarily any central action whatever. The 
gradual disappearance of reflex action may be due to an increasing 
block at the periphery, and the final stage of complete motor paralysis 
may only mean the completion of this peripheral blocking. In fact, 
we have found, when means are taken to prevent such peripheral 
blocking in one limb, that a reflex can here be obtained after motor 
paralysis is complete in the other limb to which the poison has had 
access’, 

In the case of piperidine and coniine the problem of the seat of 
paralysis has been recently more carefully studied by Cushny*, who 
found that ligature of the abdominal aorta in frogs prevented the usual 
convulsive movements of the hind-limbs after injection of piperidine. 
In other frogs in which one iliac artery was tied, and then the reflex 
excitability determined by Tiirck’s method after injection of piperidine, 
it was found that no departure from the normal reflex time was ob- 
tained in either leg, although the movements in the unligatured limb 
were reduced to weak jerks. Cushny therefore concludes that the 
reflex arc is unaffected except by action at the ends of the motor 
nerves. 

We have tried to compare the share of peripheral and central 
effects in producing paralysis by ligaturing in the frog, the whole of one 
hind-limb except the sciatic nerve, and then injecting in different 
experiments each of the three drugs. The doses injected were 20 
milligrams in each case of coniine or nicotine or 100 milligrams of 
piperidine. The results obtained with all three drugs were as far as we 
could judge identical. 

In each case, after destroying the brain, both sciatic nerves were 
exposed at the thighs; a ligature was passed round one leg at the 
thigh and tightly tied excluding the sciatic; the dose of the drug to be 
tried was then injected into the dorsal lymph sac or peritoneal cavity. 
At short intervals the effects of stimulating by a tetanizing current 
(a) the web of each foot, and (b) each sciatic nerve were observed. It 


1 Vide infra. 1 Journ. of Exper. Med. 1. p. 202. 1896. 
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was soon found that (with all three drugs) the reflexes to stimulation 
of the foot on the side which had been ligatured were much stronger 
than on the side which had not been ligatured ; this occurred at a stage 
when contraction was still obtained on each side on stimulating the 
sciatic of that side. The minimal strength of stimulus which gave an 
obvious effect on the ligatured side was taken, this gave no effect on 
the unligatured side. This difference in effect increased as the experi- 
ment progressed, and finally a stage was reached at which, neither 
stimulation of the web of either foot, nor of either sciatic produced any 
contraction on the unligatured side, although the muscles of this side 
still remained excitable to direct stimulation. At this stage, however, 
it was found that strong stimulation of the web of the uuligatured foot 
caused an obvious reflex contraction of the gastrocnemius on the 
ligatured side. 

These experiments clearly show, in our opinion, that there is a 
strong peripheral action on motor nerve terminations from the begin- 
ning and not merely at a stage when reflexes are abolished ; that this 
peripheral action plays a large share in the abolition of the reflexes ; 
and that peripheral paralysis may be complete at a stage when there is 
certainly not complete central paralysis. 

Our experiments do not show that central action is completely 
absent, nor that there is no effect on sensory terminations. Such 
actions or their absence could only be demonstrated by quantitative 
experiment on extent of reflex action before and after administration of 
the drugs, under such conditions that the centre only became affected 
and not either set of peripheral nerve terminations. Such quantitative 
experiments are exceedingly difficult to carry out, on account of the 
change in excitability of the peripheral terminations due to cutting off 
the blood supply, and on this ground it is impossible to certainly prove 
the presence or absence of a small amount of central effect. 

In our experiments it was necessary, in order to obtain a reflex 
contraction of the gastrocnemius on the ligatured side, by stimulation of 
the web of the foot on the unligatured side, to use a much stronger 
stimulus than was necessary to obtain such an effect in a normal frog 
in which the brain only had been destroyed. But on making a control 
experiment, in which one leg was ligatured and no drug given, but the 
strength of stimulus necessary to obtain such a reflex determined after 
the lapse of an equal time; it was found that here also a much stronger 
stimulus was necessary. Hence we are unable to state whether these 
drugs possess a slight amount of central paralysing action or not, but 
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we are certain that they have a marked peripheral paralysing action, 
and are inclined to believe that this may be sufficient to account for all 
the paralysis observed. 

Effects on peripheral ganglion cell connections. It is 2 that we 
meet the only important exception to the otherwise very similar 
physiological actions of the three drugs. Langley and Dickinson! as 
is well known, have shown that nicotine in moderate doses paralyses 
the nerve cells of various sympathetic ganglia—or rather the endings 
of pre-ganglionic fibres in sympathetic nerve cells—before paralysing 
the peripheral (post-ganglionic) endings of the nerve fibres, and have 
turned the effect to good account in determining the position of nerve 
cells in the track of sympathetic nerve fibres. 

The same observers? have further tested a large number of other 
drugs including coniine for a similar action. None of these drugs were 
found to possess an action in this respect at all approaching in intensity 
that of nicotine, although coniine is included in a group with three 
others (out of sixteen tested) as having a slight effect. The experiments 
consisted in stimulating in the rabbit the cervical sympathetic above 
and below the superior ganglion, before and after administering the 
drug either by painting on the ganglion, or by intravenous injection, 
and observing the effects on the ear and on the pupil of the eye. It 
was found that while 7 to 10 milligrams of nicotine completely paralysed, 
50 milligrams of coniine were required to obtain a partial paralysis: 
painting the superior cervical ganglion also produced a slight, but only 
a slight paralysis. 

This result we can completely confirm. At Dr Langley’s suggestion, 
we have tested the effects of the three drugs in this manner on the 
cells of the superior cervical ganglion in the rabbit, and found that 
5 to 10 milligrams of nicotine caused complete paralysis to stimulation 
below the ganglion, while 50—60 milligrams of coniine were required 
to produce even a partial paralysis which rapidly passed off. In the 
case of piperidine, even with a dose of 100 milligrams, we were unable 
to detect any paralysing action whatever. It might be thought that 
this difference in action was due to the unreduced (pyridene) group 
which the nicotine molecule contains, and which is not present in the 
other two drugs. On testiug this experimentally, however, by injection 
of pyridene, we found that such an explanation would not hold, for 


1 Proc. Roy. Soc. xuvt. p. 423. 1889; This Journal, x1. p. 288. 1890; Langley, ibid. 
p. 181. 
* This Journal, XI. p. 509. 1890. 
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pyridene alone has no paralysing action. It has already been stated 
that the presence of a side group and the character of this group have 
an important action in increasing by a variable amount the potency 
of the drug. It may be that this is the true explanation of the 
difference in action here, and the character of the group added in 
nicotine may cause it to react chemically with more ease on the 
peripheral ganglion cells or their connections’. Whatever be the 
cause, the experimental fact is that nicotine powerfully stimulates 
and then paralyses the cells of the superior cervical ganglion or their 
connections, while both pyridene and piperidine do not appreciably 
affect them. 


Effects on the respiration. 


All three drugs cause at first a slight quickening and marked 
deepening of the respirations in mammals’, so causing an appearance 
of dyspnea. In the case of coniine and nicotine the rate becomes 
slower again and the individual inspirations shallower, until finally 
with a sufficient dose they altogether cease, and the animal succumbs 
unless artificial respiration be applied. The heart is little affected 
by a dose sufficient to cause death by respiratory failure. In the case 
of piperidine, after the period of excitation there is a slight fall beneath 
the normal, but recovery takes place rapidly, and ever large doses are 
not fatal. Thus, in a rabbit weighing about 1°5 kilogram, under 
chloroform, we have injected subcutaneously 250 milligrams without 
causing death. 

The excitatory effect on the respiration is shown on the accom- 
panying blood-pressure tracings*. Here the animal was under artificial 
respiration, and before each injection there was no voluntary action of 
the muscles of respiration. But on injection there was on each occasion 
violent respiratory efforts, producing the effect shown on the blood- 
pressure tracing. 

We have not attempted to decide whether this preliminary exci- 
tation and subsequent paralysis of the respiration is due to excitation 


1 If the nicotine molecule contains pyrrolidine instead of piperidine (see Introduction), 
it may be that this action may be due to a difference between these two bases. This we 
intend to test as soon as we can obtain a supply of pyrrolidine. 

® For the effects in the frog see General effects.” 

3 See section on Effects on arterial blood-pressure.” In a prolonged blood-pressure 
experiment where coniine or nicotine are injected, it is always necessary to employ arti- 
ficial respiration to prevent death from respiratory failure. 
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and paralysis of the respiratory centre or of the motor nerve termi- 
nations of the respiratory muscles. Langley and Dickinson’ found, 
in the case of pituri, that previous section of the vagi lessened the 
quickening effect, but that the respirations still became much deeper ; 
while it is stated that coniine kills by paralysing the respiratory 
muscles. Analogy drawn from the action of the drugs on the nervous 
mechanism of skeletal muscle would indicate that the paralysis is to 
a large extent peripheral’. 


Effects on the circulation. 


Perfusion through the excised frog’s heart. These experiments were 
performed on hearts enclosed in the usual fashion in a Schäſer's heart- 
plethysmograph. The drugs were weighed out, slightly diluted with 
Ringer’s circulating fluid, neutralized as exactly as possible with dilute 
hydrochloric acid, and made up with Ringer's fluid to one per cent. 
solution (reckoned as base). These stock solutions were diluted down 
to 1 per mille with Ringer’s fluid when required for use. By this 
procedure, the final reaction of the dilute solutions on litmus paper 
could not be distinguished from that of the Ringer's fluid. 

The perfusions were carried out under a pressure of 20—25 centi- 
metres of saline, and in each case a normal tracing was taken with 
Ringer's fluid before perfusing the drug. We have obtained records 
of the action of all three drugs on the same heart, the normal beat 
being re-obtained after each drug by perfusing Ringer's fluid, and the 
heart continuing to beat spontaneously throughout the experiment. 
Portions of the record of one of these experiments are reproduced in 
Fig. 1. It will be seen from these that the action of all three drugs 
is the same ; the heart is slightly slowed and the duration of the systole 
is much prolonged®. Solutions of this strength may be perfused for 
a long time without producing any other effect; the heart also does 
not become irregular or cease. Irregularity is usually produced with 
1 per cent. solutions, but often passes off; with one per cent. solutions, 


1 This Journal, XI. p. 282. 1890. 

2 See arguments in preceding section. 

Movement up means contraction, the plateau at the top shows the duration of 
systole, movement down shows dilatation. After each of the tracings 2, 3 and 4, Ringer’s 
fluid alone was perfused and the rate and form shown in tracing 1 were recurred to. The 
slowing and prolongation of systole are apparent to the eye, on bathing the frog’s heart 
in situ with a strong neutralized solution 2 per cent. of piperidine or nicotine. 
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the heart becomes irregular and ceases to beat; but this is probably 
more due to alteration in tonicity than to any direct action on the heart 
fibres, 


Tracing 1, Ringer's Fluid. Tracing 3. Coniine. 
Tracing 2. Piperidine. Tracing 4. Nicotine. 


Fig. 1. Tracings showing the slowing and prolongation of systole produced by 
perfusion through the excised frog’s heart. 


Perfusion through blood vessels. These experiments were carried out 
on toads and frogs in which the brain and cord were thoroughly 
destroyed by pithing. A cannula was inserted either into the bulbus 
aorte, or one of the aortæ (the other being included in the ligature) 
and the sinus venosus opened by a free incision. Normal saline was 
then perfused under a pressure of about 20 centimetres until the fluid 
dropping away was no longer coloured and the flow had become constant 
as estimated by counting. The neutralized drug in + per cent. solution 
was then perfused at a like pressure and the effect on the calibre of the 
vessels observed by counting the number of drops from minute to 
minute. 

The results obtained showed a 3 variation in different 
experiments, but such variations are found with all three drugs, and 
in all respects their action is alike. Thus in some experiments we 
obtained an almost complete closure of the arterioles; while in other 
cases the flow only went down temporarily to half its amount and then 
returned to normal value or slightly beyond it“. In no case have we 
obtained an increased flow first, so that we believe we are justified 
in concluding that neutralized solutions of all three drugs constrict 


1 Prepared in normal saline solution, as described in the previous section for Ringer’s 
fluid, so as to ensure an identical reaction with the saline used for washing out. 

2 In such cases of partial failure, increasing the strength of the perfused drug even up 
to 1 per cent. does not cause increased constriction. 
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arterioles after destruction of brain and spinal cord, in spite of these 
apparently spontaneous variations which we are unable to explain. 

Direct application to the mesenteric vessels. In order to test whether 
these drugs acted directly on the involuntary muscle fibres of the small 
arteries, we have followed the method of applying a drop directly to a 
mesenteric artery and vein, under observation through a microscope 
provided with a micrometer eyepiece. The frog was pithed and a loop 
of mesentery pinned out for observation in the usual manner, and then 
a drop of the drug under examination in 1 per cent. neutralized solution 
was run over the mesenteric vessels. We were met by the astonishing 
result that these drugs so applied cause not constriction but dilatation. 
All three cause dilatation, but the effect is most marked in the case of 
coniine, which may cause the arteriole to increase threefold in diameter. 
This effect is not due to the drugs being used in too strong solution, so 
that an initial stage of excitation passes rapidly off into paralysis before 
being observed, for no contraction is observed with weaker solutions’. 

We attempted to discover whether the effect might be ascribed to 
local irritation, by making observations on the mesentery after injection 
of each of the three drugs in 1 per cent. solution into the dorsal lymph 
sac, but no decided effect upon the mesentery in either direction could 
be observed*. We are hence unable to give any explanation of this 
unexpected result, and can only record it as an experimental obser- 
vation 

Some effects of intravenous injection in mammals. References have 
already been made to the action of piperidine and nicotine in raising 
blood-pressure after intravenous injection in mammals, to these may be 
added that the rise after nicotine has been described by Traube, 


1 Neither is such a fall of blood-pressure obtained in mammals even after injection of 
large doses as might be expected if such paralysis of involuntary muscle-fibre took place. 

2 We have also failed to obtain constriction of mesenteric arterioles after injection of 
1 c. e. of 1 per cent. solution of dried suprarenal into the dorsal lymph sac in the frog, this 
result is probably due to absorption of the injected material by other tissues before it can 
reach the blood vessels ; for we can confirm Oliver's observation that a particle of dry 
suprarenal or a drop of 1 per cent. solution applied locally to a mesenteric arteriole 
almost causes obliteration at the spot where it is applied. 

v. Basch and Oser (Mediz. Jahrbiicher. Wien 1872, S. 367) found that injection of 
nicotine in mammals caused primary pallor followed by flushing, which result was still 
obtained after section of the cervical cord, and both statements are confirmed by Langley 
and Dickinson (loc. cit. p. 298). The latter observers found in some regions dilatation 
followed by constriction, in others constriction followed by dilation ; a variation in the 


amount of these effects might possibly explain some of our anomalous experimental 
results. 
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v. Basch and Oser, and Langley and Dickinson’, we have not been 
able to find any reference to such an action in the case of coniine. 

The vaso-motor effects have been tested previously in the case of 
nicotine by observing the appearance of pallor or flushing of the 
different regions after injection. A detailed account of these vaso- 
motor changes is given by Langley and Dickinson“. These observers 
found in the rabbit great primary pallor followed by flushing in the 
whole of the abdominal viscera and spleen, ear, and skin generally: 
and in the region of distribution of the fifth nerve primary flushing 
followed by great pallor, which lasted for some minutes. After repeated 
injections these vasomotor effects became lessened and disappeared. 

We have taken tracings of certain effects of the three drugs after 
intravenous injection in the cat or dog, and here reproduce a record of 
each of these; the similarity of the three tracings is obvious. 

The animals were in all cases anesthetized with chloroform and 
kept under chloroform and morphia throughout the experiment. A 
sufficient dose of atropine was usually given at the beginning of the 
experiment to paralyse the vagus action of the heart. In preliminary 
experiments it was found that each of the three drugs at first caused a 
vagus action on the heart, slowing it and preventing any excessive rise 
of blood-pressure, and that after two or three small doses this effect 
disappeared. In order to eliminate this effect in animals in which 
comparative effects of the three drugs were to be obtained, atropine 
was therefore administered. 

The uppermost tracing in each figure is of the auricular beat“, the 
force of this is somewhat increased but the rhythm is little altered. 
An attempt was made to obtain a tracing of the ventricular beat also, 
but this was prevented by the violent respiratory efforts which followed 
each injection of either of the drugs. The separate heart-beats shown 
on the blood-pressure tracing indicate sufficiently however that the 
rhythm of the ventricle is not appreciably affected with the doses given, 
while the force of each beat is usually slightly increased. 

The second tracing from above is that of kidney volume taken by 
means of a kidney box constructed on the same principle as that used 
by Schafer and Moore to record changes in the volume of the 


1 This Journal, x1. p. 292. 1892, where the other references are also given (p. 304). 

2 Loe, cit. p. 298. 

* Taken by the method described by Oliver and Schäfer, This Journal, xvi. p. 256. 
1895. 


4 
. 
. 
4 
J 
4 
4 
a * * * 


“a 
2 
5 
— 
4 
4 4 e 
‘ ‘ 
*. 
* = 
* 
4 * 
* 
J 
4 
A 
] 
* 
f 
* 
» 
’ y 
8 Li 4 
-j 
> 


0 geren pus g ut se 

og poonpey 


* 
a 
t 
N 
7 
1 
* 
§ 
+ 
7 
§ 
¢ 4 
é 
. 4 
— 
‘ 
* 
* 
i 
‘ 1 
* 
2 4 
. 
* 
2 “ 
— 
j 
a5 P 
* 
‘ 


292 B. MOORE 4 R. ROW. 


spleen’. The recording lever of the tambour was arranged to give 
small excursions, so that the whole of each change in volume ‘might be 
recorded. 

The third tracing is of arterial blood-pressure taken from the 
carotid. — 

The fourth tracing is a signal showing the time at which intravenous 
injection (usually into the crural vein) of the spédified amount of each 
drug took place. 

The fifth tracing gives the time in seconds. 

On comparing the three figures it is seen that the form of the curve 
of blood-pressure is very much alike in all cases, that there is very little 
action on the heart, and that simultaneously with the rise in blood- 
pressure a decrease in volume of the kidney commences and accompanies 
the rise of blood-pressure ; as the blood-pressure slowly falls again the 
kidney slowly fills and the two effects pass off together. Such an effect 
can of course only be due to an active constriction of the kidney vessels. 

These results taken in conjunction with those given on perfusion in 
other sections make it evident that these drugs produce their effect on 
blood-pressure by affecting some mechanism peripheral to the central 
nervous system. Only two views hence suggest themselves, viz. that 
the action is an excitatory one on the cells of peripheral ganglia, or 
that it is a direct excitation to contraction of the muscle cells of the 
arterioles, 

The former view is that taken by Langley and Diekinson“ in the 
case of nicotine, and is that with which we are most inclined to agree; 


This Journal, xx. p. 5. 1896. Such a kidney box may be constructed by moulding 
gutta percha made plastic in warm water over an inverted porcelain capsule of the proper 
size laid on a glass plate and moistened with water. Some of the gutta percha is pressed down 
all round to make a flange, and a sufficient amount must be taken to make the hollow cup 
so formed about } inch thick, otherwise it will not have sufficient rigidity. Two such cups 
are made, and at one place on each flange the rubber while still plastic is depressed, 80 
that when the two cups are apposed there is a rounded opening for the passage of the 
renal vessels. Into one half an open glass tube is inserted, which is bent inside so as to 
lie alongside the rim of the cup. This tube gives connection by a rubber tube with a 
recording Marey’s tambour, and air is used as the communicating medium. The whole is 
made tight with vaseline and kept together by a rubber band passed round the two halves. 

* This Journal, XI. p. 297. 1890. There is however no experimental evidence for the 
statement there made that the cardio-inhibitory centre in the medulla is first stimulated 
and then paralysed by nicotine, All the experimental results given-may be equally 
explained on the assumption that the ganglion cells in the heart are first stimulated and 
then paralysed by the drug. And such an action would be more analogous to the other 
effects of the drug than an action on the central nervous system. i 
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for, although the strong peripheral action on skeletal muscle might lead 
one to expect a similar effect on involuntary muscle, we have been 
unable to obtain such an effect experimentally and have on the contrary 
always seen its opposite. | 

We have not observed any appreciable fall below normal after the 
rise has passed away in the case of any of the three drugs; except near 
the end of an experiment. Usually, there is a rapid rise followed by a 
slow fall which becomes asymptotic to the normal level before the 
injection, and remains a few millimetres above it for a long time. 

If it is desired to obtain a full effect from any given injection, a 
considerable pause must be made after the previous injection. When a 
big effect is produced by injection of any one of the drugs and imme- 
diately after this has passed off, a similar amount of the same or one 
of the others is injected, the effect obtained is always comparatively 
feeble. But in a few minutes’ time a maximal effect is again obtain- 
able. 

When the animal (cat or dog) which is being experimented upon is 
not put under artificial respiration, after injection of a certain amount 
of coniine or nicotine (20—70 milligrams) the respiration ceases to be 
stimulated by the injections, becomes feebler and finally stops, so that 
the animal dies of asphyxia probably due to peripheral paralysis of the 
respiratory muscles. 

Such an effect is never obtained with any reasonable dose of 
piperidine ; thus we found that a rabbit of two kilos. could stand injection 
of as much as 200 milligrams of piperidine without injury. 

Hence in the case of an animal under natural respiration no change 
is observed in the effects upon blood-pressure following injection of 
coniine or nicotine, for the animal dies before the mechanism is 
paralysed by which the blood-pressure is affected. But when the 
animal is kept under artificial respiration and small doses of either 
coniine or nicotine (say 5 milligrams) are injected at short intervals 
(say of 5 minutes), we have found that after a certain amount of either 
drug has been administered (30—50 milligrams in a dog of about 
5 kilos), no further effect on blood-pressure can be obtained. This 
position cannot be reached by injection of piperidine alone except the 

drug be given in large doses’; but when produced by either coniine 


In one experiment an a dog of 2°85 kilos., 70 milligrams of piperidine prevented the 
effects on blood-pressure of subsequent injection of either piperidine, coniine, or nicotine ; 
but usually it is difficult to obtain such an abolition with piperidine alone. 
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alone or nicotine alone, no one of the three drugs is then capable of 
producing the slightest effect on blood-pressure. . 

The animal does not die in this condition provided the artificial 
respiration is kept up; the heart continues to beat strongly and 
regularly and the blood-pressure remains moderately high. After the 
lapse of an hour or more the vasomotor effects of injection begin to 
return slightly. | 


Fig. 5. Absence of effect on injection of 1 milligram of neutralized nicotine, in the same 
animal as in figs. 2, 8 and 4, after previous administration of large doses. | : 


As an example of this abolition of effect a tracing (Fig. 5) is given, 
showing the negative result of injection of 1 milligram of nicotine; this 
was taken from the same animal as had previously given a prodigious 
rise of blood-pressure with half the dose (see fig. 4). At this stage the 
animal (dog of 7°5 kilos) had received 10 milligrams of nicotine, 
30 milligrams of coniine and 60 milligrams of piperidine. After this 
negative result was obtained, and another similar with an additional 
milligram of nicotine, 10 milligrams of nicotine were injected. at one 
dose: this produced a slight effect, very much less than 4 milligram in 
the beginning of the experiment, but afterwards no effect could be 
obtained even with 20 milligrams of either coniine or nicotine. It is 
remarkable that there is no very serious fall in blood-pressure even 
with these excessive doses, such as might be expected if there was 
complete vasomotor paralysis at that stage when the drugs cease to. 
raise blood-pressure. Thus in Fig. 5 the blood-pressure is about # of 
its original value at the beginning of the experiment, about 3 hours 
previously, and even after excessive doses of coniine and nicotine after 
this period there was no appreciable fall in blood-pressure. si 
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In another experiment on a dog of 6˙5 kilos. complete absence of all 
reaction to any of the three drugs was observed after injection of only 
15 milligram of coniine as acetate; but usually more than this amount 
is required. 


CONCLUSIONS. 


The three alkaloids piperidine, coniine, and nicotine are very similar 
in physiological action although the intensity of. action varies ; and we 
believe that this similarity is due to the presence of a reduced pyridine 
(or pyrrol) ring in each molecule, and further that the intensification of 
the action is due to the introduction of an organic radicle as a side 
group into this ring. 

The points of similarity in W action may be summarized 
as follows:— 

1. The subcutaneous injection of each drug (in frogs) in sufficient 
dose causes complete motor paralysis. | 

2. This motor paralysis is mainly due to paralysis of the intra- 
muscular part of motor nerves. This is shown by the fact that muscle 
remains irritable directly but not through its nerve, when the poison 
has been allowed to circulate through the muscle, and that an 
unpoisoned muscle may be caused to contract reflexly through a spinal 
cord which has been subjected to the poison. We have not been able 
to demonstrate that there is no central . but this, if present, 
must be slight. 

3. The excised frog’s heart is somewhat slowed, and the duration 
of the systole prolonged by each of the three drugs. 

4. The heart in situ (in mammals) is at first slowed but afterwards 
unaffected. 

5. The arterial blood-pressure is enormously raised, and the rise is 
due to constriction of arterioles and not to increased heart’s action. 
This constriction of arterioles is independent of connection with the 
central nervous system and is probably due to vasomotor excitation 
in peripheral ganglia. 

86. At a certain stage this vasomotor mechanism probably 8 
paralysed, for further administration of any of the three drugs no 
longer affects the arterial blood-pressure. — 
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PRELIMINARY NOTE ON CERTAIN UNDESCRIBED 
FEATURES IN THE SECRETORY FUNCTION OF 
THE UTERUS AND FALLOPIAN TUBES IN THE 
HUMAN SUBJECT AND IN SOME OF THE MAM- 
MALIA. By C. J. BOND, F. R. C. S., Leicester. 


My attention has been drawn for some time to the following fact, 
derived from the experience of the removal of the uterine appendages 
in the human subject for surgical reasons. 

If the tubes have been removed during the menstrual period, a 
blood-stained mucoid secretion has been present in the majority of 
cases, in the cavity of the tubes, which resembles in naked eye and 
microscopical characters the uterine menstrual fluid. 

If, on the other, hand the tubes are examined during the inter- 
menstrual period, the contents are either clear or slightly opaque 
mucus, 

The amount and character of the tubal secretion as regards the 
relative proportions of red blood corpuscles, leucocytes, and other 
constituents, vary in different individuals, and bear some relation 
to any uterine congestion that may exist at the time, such as is 
produced by displacement or pressure. 

Further evidence derived from experimental observation in some of 
the lower Mammalia, strongly suggests, however, that this fluid is a 
true tubal secretion, and is not derived from the uterine menstrual 
secretion by backward regurgitation. 

In the course of these experiments the following facts were also 
ascertained : 

If in the rabbit, or guinea-pig, the Fallopian tube be l 
ligatured, both at the abdominal and uterine extremities, a gradual 
distension of the tube by fluid secretion occurs. A Hydro Salpinx is 

in fact experimentally produced. 

This does not occur if the ligature be er only ¢ on the uterine 

end of the tube. 
| Moreover if the uterine cornu in one of these animals be likewise 
blocked by ligature at its lower portion, just above the junction, the 
cavity of the uterine cornu, in the course of a few weeks, gradually 
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distends with a corresponding secretion, and a Hydro Metra is experi- 
mentally produced. 

This occurs even though the upper portion of the cornu be not 
ligatured. 

Thus it appears, that the communication between the cavities of 

the Fallopian tube and uterine cornu, in animals, is so arranged 
anatomically, that no regurgitation of fluid secretion is allowed from 
the uterine to the tubal cavity, even under pressure. 
The watery fluid thus obtained from the uterus and tube is a true 
uterine and tubal secretion. It has the characters of a colourless 
watery fluid, neutral or faintly alkaline in reaction, of very low specific 
gravity. It contains some albumin and some mucin; but is chiefly 
remarkable for the very large proportion of chloride of sodium which 
it holds in solution. 

The. uterine and tubal secretions closely resemble each other in 
appearance and chemical constitution in animals, when obtained thus 
| by ligature and obstruction. 

They are both moreover almost indistinguishable from the fluid of 
a Hydro Salpinx obtained by operation from the human subject, except 
that in the latter case a crystalline body was present which was not 
found in the former. 

. The presence of a definite tubal and uterine secretion in the tines 
Mammalia throws light on certain pathological conditions, such as 
Hydro Salpinx, occurring in the human subject. 

No uterine fluid secretion occurs during pregnancy in animals 
(rabbit) since if one cornu be ligatured, and the other become pregnant, 
no distension. by secretion occurs in the ligatured cornu, though the 
hypertrophic changes in the mucous membrane go on in both alike. 
In the case of some of the ruminants, notably the sheep, considerable 
pigmentary deposit has been noted by previous observers in the uterine 
mucosa. 

J have ascertained that this colouring is aus to the presence of a 
plexus of large multipolar pigment cells. 

Further, the removal of the ovaries, as in castrated animals, causes 
after a lapse of time slight diminution in the intensity of the uterine 
pigmentation, but not a sufficiently marked effect to suggest an important 
functional character to these pigment cells. 

Lastly, in the sheep, I have found free hemoglobin in a crystalline 
form in the tubal mucous. . and in the secretion contained in 
the tube. 2 
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A CONTRIBUTION TO THE CHEMISTRY OF HAMO- 
GLOBIN AND ITS IMMEDIATE DERIVATIVES. 
By JOHN HALDANE, M. D., F. R. S., Lecturer in Physiology, 
University of Oxford, and Grocers’ Company Research Scholar. 


[From the Physiological Laboratory, Oaford.] 


THE investigations described in the present paper arose from the 
observation that when ferricyanide of potassium is added to a not too 
dilute solution of blood in water bubbles of gas are evolved at the same 
time as methemoglobin is formed. On examination the gas proved to 
be nearly pure oxygen. This fact was exceedingly surprising, since 
Hüfner and Külz! have shown that although methemoglobin yields 
no oxygen to a vacuum, it gives up to nitric oxide (a reducing substance) 
exactly the same amount of oxygen as oxyhemoglobin does, and must 
therefore contain just the same amount of easily available oxygen. 

Reduced blood was found to yield no gas. Blood saturated with 
carbonic oxide yielded just as much gas as blood saturated with air, and 
this gas was found to be inflammable. 

The quantities of gas obtained evidently corresponded more or léss 
closely to the quantities present in loose combination in the he#mo- 
globin; but in order to obtain more definite information as to the 
nature and exact volume of the gas liberated I made the following 
experiment with the blood- pump. Fresh ox-blood was saturated with 
air and diluted with an equal volume of water to dissolve the corpuscles, 
since ferricyanide does not act on undissolved corpuscles. A receiver of 
known capacity (41 c.c.), with two air-tight taps, and made to fit into 
the froth-chamber of the blood-pump, as described by Bohr“, was then 
filled with the diluted blood, and fixed in position. After the froth- 
chamber had been evacuated two or three c.c. of the blood were allowed 
to pass inwards, and a corresponding quantity of saturated solution of 
ferricyanide was allowed to flow into the receiver through the other 


1 Zeitschrift f. physiol. Chemie, vn. p. 866, 1883. 
2 Skand. Archiv fiir Physiol. m1. p. 72. 
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tap. The whole of the blood, mixed with tlie ferricyanide solution, was 
now allowed to gradually pass into the froth-chamber, care being taken 
to prevent fouling of the pump in consequence of tlie very energetic 
frothing caused by the action of the ferricyanide. The blood was then 
pumped out, and the gas collected in the ordinary way. A corre- 
sponding experiment was made with blood which had been saturated 
with a mixture of about equal parts of carbonic oxide and air; and in a 
third experiment the blood was saturated with air, but no ferricyanide 
was added. The same stock of blood was of course used for all the 
experiments, and care was taken. to avoid any fallacy due to subsidence 
of the corpuscles. In calculating the volumes of gas given off from the 
hemoglobin allowance was made (1) for the gas calculated as having 
been present in simple solution in the water and in the blood, and (2) for 
a small amount of oxygen which, to judge from thie nitrogen found, bad, 
as usual in blood-pump determinations, in some way found its way in as 
air. The gas present in simple solution was calculated on the assump- 
tion that the coefficients of absorption of gases are the same for blood 
as for water. The gas was measured and analysed in the apparatus 
described in a succeeding paper. The temperature of the gas-burette 
was 200%, and the barometer 7652 mm., at the time of closing the 
control tube, so that all the measurements were referred to this tem- 
perature and pressure, with the corresponding tension of aqueous 
vapour. The results are given in the following table. | 


From 20°5 b. e. of blood From 100 ¢.0. of blood 

(at 20°C. and 759 mm.) (at 0° d. and 760 mm.) 
Oxygen oxide Nitrogen Oxygen oxide Nitrogen 
Total Gas 4:38 3°54 

* Ges 245 4305 535 | 109 1909 237 

No. 21 Liberated from 

} — 4077 — 
7 Gas 4375 — . 78 | 1940 — 382 

No. 3 Liberated from 


It will be seen from the above table that the volume of oxygen 
obtained from the oxyhemoglobin is the same with ferricyanide as with 
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the vacuum alone: also that the volume of -carbonic oxide obtained 
from the carbonic-oxide-hemoglobin is the same as the volume of 


oxygen obtained from the oxyhwmoglobin. The carbonic oxide was 


determined by combustion with a platinum spiral. The contraction on 
combustion (2°155.c.) was exactly half the volume of carbonic acid 
formed (4 305 c. c.), so that there was no doubt as to the combustible gas 
being pure carbonic oxide. It is also evident that no other gas, such as 
nitrogen, is given off in the reaction between the ferricyanide and the 
blood, since the residue (“nitrogen”) is exactly the same in nos. 1 and 3, 
which are comparable in this respect. The percentage of nitrogen is 
unusually high, both in no. 1 and no. 3, but this is simply due to the 
fact that the usual error due to mixture of air with the gas pumped off 
tells more seriously than it otherwise would, owing to the volume * 
undiluted blood employed being so small. 

In a second experiment the oxygen obtained from the . 
of 20˙5 c.c. of ox-blood by the pump alone was 420 cc., and with 
ferricyanide 424 C. c. 

It is evident from these experiments that the quantity of oxygen or 
carbonic oxide liberated in the ferricyanide reaction corresponds exactly 
to the quantities previously present in loose combination with the 
hemoglobin. It would thus seem that the result of the action of the 
ferricyanide is that the affinity of the hemoglobin molecule for the 
oxygen or carbonic oxide in loose combination with it is simply 
abolished, and that these gases are consequently liberated. It is of 
course conceivable that the gas liberated might in whole or in part 
have some other source than the gas previously combined in the form 
of oxyhæmoglobin or carbonic-oxide-hemoglobin, but against such an 
interpretation stand the facts: (1) that although metbemoglobin is 
formed in exactly the same manner as before, no gas is liberated when 
ferricyanide acts on reduced hawmoglobin; (2) that carbonic oxide is 
liberated from its combination with hemoglobin in precisely the same 
way as oxygen. It is exceedingly difficult to interpret these facts on 
any other hypothesis than that given. 

What, then, is the source of the oxygen which Hüfner's experi- 
ments have shown to be present in methemoglobin? If ferricyanide be 
added to diluted blood it will be found that the solution now gives with 
ferric chloride the blue colour indicating the presence of ferrocyanide. 
Evidently, therefore, the ferricyanide is reduced to ferrocyanide. The 
oxygen rendered available in this reaction doubtless passes into the 
hemoglobin molecule. The whole process thus conceived may be 
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provisionally representéd by the following equation when the ferri- 
cyanide is acting on reduced hemoglobin. 


Hb + 4Na, (Cy, Fe) + 4NaHCO, = HbO, + 4Na, (Cy, Fe) + 4CO, + 2H,0. 


In this case the symbol HbO, represents methemoglobin. When 
the ferricyanide is acting on oxyhwmoglobin the following equation 
represents the supposed process. 


0 
+4Nay (OysPe) + 4NaHOO,=0,+ + 4Na . ro) + 400,+ 21,0. 
0 


0 0 
In this case H represents oxybæmoglobin, and Bb 


0 
methemoglobin. The reason for employing these different symbols 
is that as shown below there are some grounds for believing that in 
oxybhemoglobin the oxygen atoms are united together, whereas in 
methemoglobin this is probably not the case. 

It is usually stated that in methwmoglobin the oxygen is more 
firmly united than in oxyhemoglobin. This statement is, I think, 
somewhat misleading, and has led to the misinterpretation of a number 
of well-known facts. It is of course undoubtedly the case that methe- 
moglobin will not yield up its oxygen to a vacuum, while oxyhzmoglobin 
will; but in other ways methemoglobin gives up its oxygen far more 
readily than oxyhemoglobin, and in fact methemoglobin must be 
regarded as an oxidising agent of some activity, whereas oxyhemoglobin 
has no greater oxidising power than free oxygen. Oxybemoglobin, 
indeed, very readily acts as a reducing agent, as in the case of its 
reaction with ferricyanide discussed above. 

The readiness with which methemoglobin parts with its oxygen to a 
reducing agent is strikingly shown by the effect of adding (in the cold) 
a drop of ammonium sulphide to a few c.c. of a dilute solution of 
methemoglobin. The effect is that (unless an excess of ferricyanide is 
still present) the spectrum of oxyhemoglobin at once appears, and 
remains for long before the oxyhwmoglobin is finally reduced to 
hemoglobin. What happens is that the methemoglobin, which very 
readily gives up its oxygen, is reduced to hemoglobin almost instantly, 
but this hemoglobin at once combines with the free oxygen present and 
forms oxyhewmoglobin. The ammonium sulphide acts very slowly on 
this oxygen, whether it be free or combined as oxyhwmoglobin: con- 
sequently the spectrum of oxyhemoglobin remains for long unaltered. 
The explanation commonly given is that oxybemoglobin is a stage in 
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the reduction of methæmoglobin to hemoglobin. That the oxy- 
hemoglobin is formed simply in consequence of the presence of free 
oxygen in the solution is, however, easily proved by the following 
experiment. Solution of methemoglobin, diluted so far that its 
spectrum can be easily observed, is placed in a glass receiver provided 
with taps at both ends, one of the taps being a three-way one. The 
free oxygen is then entirely boiled out with the help of a filter-pump, 
the receiver being placed in warm water. After the oxygen has been 
removed the tap is closed and the solution cooled if it is at all warm. 
Two or three drops of a dilute solution of ammonium sulphide are then 
allowed to pass in through the three-way tap, after all air has first been 
displaced by the ammonium sulphide solution, which is first warmed so 
as to get rid of any free oxygen. It will now be found that the 
methemoglobin solution gives absolutely no oxyhemoglobin spectrum, 
but only reduced hemoglobin when the ammonium sulphide acts on 
the methemoglobin. The same arrangement can be employed for 
showing that when ferricyanide acts on reduced hemoglobin there is 
no intermediate stage of oxybemoglobin. 

From the facts given above it would seem that the chemical 
differences between oxybhemoglobin and methemoglobin may be ex- 
plained on the theory that in oxyhemoglobin the oxygen atoms are 
united firmly with one another, but very loosely with the hemoglobin 
molecule, while in methmmoglobin the oxygen atoms are either not 
united together at all, or very loosely united, while they are also 
somewhat loosely united with the hemoglobin molecule. Oxyhemo- 
globin may thus perhaps be regarded as a compound of a molecule of 
oxygen with hemoglobin, while methemoglobin is a compound of two 
atoms of oxygen with hemoglobin. This view seems to explain the fact 
that though methemoglobin will not part with its oxygen to the pump 
it will part with it far more readily than oxyhwmoglobin to reducing 
agents. 

With sodium nitrite oxyhsemoglobin yields no free gas. With 
potassium permanganate there is also little or no evolution of gas. 
With a neutral hydroxylamine chloride solution there is an abundant 
evolution of gas, which, however, is not simply oxygen. 

As the action of ferricyanide in liberating oxygen and carbonic 
oxide from their combination with hemoglobin i is so very definite and 
sharp I made experiments with a view to ascertaining whether the 
reaction may be utilised for determining the amount of oxygen or 
carbonic oxide capable of being absorbed by a blood or hemoglobin 
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solution. The altgrnative means of making this determination is to 
pump out, measure, and analyse, the gas; and this is a somewhat 
troublesome plan, requiring a good deal of time, apparatus, and skill ; 
hence a more ready method would be of considerable use. 

I at first tried the plan of confining the blood solution over mercury 
in a closed vessel, measuring the volume of mercury driven out by the 
evolution of the gas. It was difficult however to devise an apparatus 
which was quite satisfactory for this purpose and which could be freely 
shaken to facilitate the reaction: moreover the ferricyanide acts on. 
mercury, and thus causes much inconvenience.. The most convenient 
arrangement was finally found to be an apparatus arranged similarly 
to the well-known urea apparatus of Dupré. The Dupré appara- 
tus itself answers fairly well, but as the present method appeared 
to be one admitting of much greater accuracy than the determination. 
of nitrogen in urine by the hypobromite method it seemed worth while: 
to endeavour to introduce one or two modifications with a view to 
making the measurements more definite and accurate. In the first 
place a test-tube containing some mercury to sink it, with a few drops. 
of water added to keep the contained air moist, and connected with a 
manometer made of narrow bore (1 mm.) glass tubing, was kept in the 
water-bath of the apparatus to indicate any differences of pressure or 
temperature arising during the analysis. By pouring in cold or warm 
water until the water in this gauge returned to its initial position errors 
of measurement due to variations in temperature of the bath or baro- 
metric pressure were entirely eliminated. A simple calculation will 
show that even a very slight variation of temperature in the bath or 
barometric pressure would make a considerable difference in the results. 
Thus a variation of 0°5°C. would cause an error of more than 2% in the 
readings of the gas-burette. In the second place an accurately graduated 
burette, allowing of readings to 02 c.c., was substituted for the wide 
burette which is supplied for urea determinations. The burette was 
connected below in the ordinary way with a levelling tube, water being 
the confining liquid. For further convenience and certainty in measuring 
the temperature of the air in the burette the latter was enclosed in a 
water-jacket, though this was less important since slight errors as regards 
the temperature of the burette would make little difference in the results. 
The burette was connected with the mixing bottle by pressure = of 
narrow bore. | 


1 Journ, Chem, Soe. 1. p. 684, 1877. 
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It is evident that along with the oxygen a certain amount of carbonic 
acid would be given off by the blood solution to the air in the mixing 
bottle unless precautions were taken to prevent this. The addition to 
the blood of 5 oc. of a saturated solution of sodium carbonate was found 
to prevent the giving off of carbonic acid and not to interfere with the 
reaction. When this precaution was not taken the results were 10% or 
more too high. With the sodium carbonate the air in the mixing bottle 
was found to contain only 06°/, of carbonic acid, and there was no 
sensible alteration of the volume of the air on shaking without the 
addition of ferricyanide. 

The procedure adopted in the case of blood was as follows. 50 c.c. 
of the blood (which was first well saturated with air) were measured off 
with a pipette into the mixing bottle, which had a capacity of 220c.c.' 
50 c.c. of water were added and the whole mixed. In adding the blood 
and water care was taken not to blow expired air into the bottle, as the 
carbonic acid might have caused gross error. The addition of the water 
produced rapid solution of the corpuscles, and after this had occurred 
5 c. c. of saturated sodium carbonate solution were added. About 5 c.. 
of saturated solution of potassium ferricyanide were then placed inside 
the bottle in the little tube ordinarily used for holding the urine in a 
urea determination. The stopper was then inserted, the bottle placed 
in the water-bath, and the level of the burette read off as soon as the 
temperature was constant. At the same-time the water-gauge of the 
control tube standing in the water-bath was adjusted to a definite mark. 
The ferricyanide was now mixed with the blood, and the bottle shaken 
until gas ceased to come off. Most of the oxygen came off very rapidly 
under these circumstances, but some time was necessary in order to get 
off the last two or three tenths of acc. The whole process required 
about ten minutes. Meanwhile the temperature of the bath had pro- 
bably risen slightly. The temperature was therefore adjusted by 
pouring in cold water until the water in the gauge came back to its 
former level. The burette was then levelled and read off, its temperature 
being at the same time noted, as well as the height of the barometer. 
The results were corrected to dry air at 0° and 760 mm., and calculated 
for 100 c. c. of blood. 

It is evident that the result thus obtained is the oxygen combined 


1 20 c.c. of blood and a mixing bottle of 100 c. 0. capacity answered quite as well, or 
better, with a burette graduated to 05 c. The determinations of sample nos. 4 and 5 
if necessary be employed, 
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in the hemoglobin, and that the oxygen in simple solution in the blood 
remains in solution and is therefore not measured. The volume of gas 
in the bottle and burette is about 120c.c. At the end of the experiment 
this will contain about 29% of oxygen, and the blood solution will now 
be saturated with an atmosphere containing 29°/, of oxygen and 71°/, of 
nitrogen. As oxygen is about twice as soluble in liquids as nitrogen a 
slight correction is in very accurate experiments necessary for the extra 
volume of gas dissolved from this atmosphere. This correction amounts 
to only about 11 cc. for oxygen and 06 c.c. for carbonic oxide in the case 
of a bottle of 220 c.c. capacity, containing 100 c.c. of mixed blood and 
water. | 

The following table gives the results of some experiments in which 
several determinations of the same sample were made. In the case of 
carbonic oxide determinations the blood was first saturated with coal-gas, 
and then shaken with air to avoid any fallacies due to the differences in 
the coefficients of absorption of coal-gas and air. The carbonic oxide 
comes off a good deal more slowly than oxygen does. 


Sample No. 1 ((a) 21. 16-91 
Sample e. 4 16-91 
with air) (0 21-34 (satarated 17:06 
with air) (a) 16-86 
Sample No. 2 Sample No. 4 
(a) 19°70 (e) 17-00 
(saturated (saturated 
with ais) 00 1972 m 00) (7) 1722 
Sample No. 3 19-52 - Sample No, 5 N 
— 0) } (str | 
Same blood 
(saturated with air) } * 


These results show that the method is a very exact one. With a 
first-rate pump, and accurate methods of gas- analysis, more even results 
can be obtained, but for many purposes the present method will 
probably be preferred. For rapidly demonstrating the volume of 
oxygen absorbed by blood this method will be found particularly 
convenient. 
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SuMMARY OF CHIEF ConcLustons. 


1. When ferricyanide is added to solutions of oxyhemoglobin or 
carbonic- oxide-bæmoglobin, the gas combined with the hemoglobin is set } 
free and froths off, while methæmoglobin is formed. 

2. . By taking advantage of this reaction the volume of gas capable 
of being absorbed by the hemoglobin of blood may be rapidly and 
accurately determined without the use of the blood-pump. 

3. Although methemoglobin yields no oxygen to a vacuum it parts 
with its oxygen to a substances far more o readily than oxyheemo- 
does. 
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THE INFLUENCE OF PATHOLOGICAL CONDITIONS 
ON ACTIVE ABSORPTION OF OXYGEN BY THE 
LUNGS. By J. LORRAIN SMITH, M.D., Lecturer on 


Pathology, Queen’s College, Belfast. 
(From the Pathological Laboratory, Queen's College, Belfast.) 


Ir is a matter of common clinical experience that the most varied types 
of disease involve some damage to the lungs in the form of congestion, 
cedema or inflammation, and that the danger to life is much increased 
in any case when such complications supervene. 

The basis of this relationship is a subject the investigation of which 
would throw much light on the nature of respiratory disease. Apart 
from these abnormal conditions of the lungs, the study of which is of 
interest to general pathology, we have also to consider a large group of 
diseases in which the morbid process originates in a lesion affecting the 
lungs themselves. 

The investigation of the function of the lungs which has been 
carried out by Dr Haldane and myself“, has shown that the process of 
oxygen absorption is subject to variations of a purely functional kind. 
Some of the conditions under which these variations occur we investi- 

gated, but we confined our attention to those of a physiological nature. 

If we consider the relation of this activity to respiratory disease we are 
confronted with a large variety of conditions which cause more or less 
serious damage to the lung tissue, and which therefore have in all 
probability a most important effect on the vital function of oxygen 
absorption. 

To simplify the investigation of this problem we may conveniently 
consider these conditions as forming two groups. 

1. Conditions affecting the organism as a whole, as the state of 
fever and the infective process which fever usually accompanies. 

2. Conditions in which the important element is some gross change 
in the lung tissue itself, such as congestion of the blood-vessels and 
exudation into the alveoli. 

1 This Journal, xx. and xxu. , 
PH. XXII. 21 


| 
> 
4, 
. 
AS 
* > 
— 


308 J. L. SMITH. 


It is not here maintained that these two phases of the problem are 
to be separated by any hard and fast distinctions. The purpose of the 
present investigation is to show how the activity of the lung is modified 
in conditions in which either the general or the local pathological 
change is the most prominent factor. 

The method which has been applied in this research is identical 
with that employed in the study of oxygen absorption already referred 
to. The tension of oxygen in the blood circulating in the lung capil- 
laries in the affected animal is measured by estimating the saturation 
of the hemoglobin by carbonic oxide, the exact proportion of this gas 
present in the atmosphere breathed being known. 

The only other method which has been applied to a study of the 
blood gases in similar conditions is that of estimating the amount of 
oxygen and carbonic acid which can be obtained from the blood by the 
vacuum pump in the febrile condition as compared with the normal. 
Geppert“ has shown that, in the arterial blood of dogs suffering from 
the fever produced by injection of pus or other pyretic substances, there 
is no diminution in the amount of oxygen in the arterial blood; but on 
the other hand there is diminution of carbonic acid, and this is in direct 
proportion to the rise of temperature. We are without sufficient data 
in regard to the nature and conditions of the metabolism which occurs 
in the blood while in the lungs or in the arteries to enable us to interpret 
this result of Geppert’s. Nor can we accept the observations on the 
amount of oxygen present in febrile blood as proving that the tension 
of oxygen is not diminished seriously as a result of fever. 

Still less could we expect to obtain reliable data in regard to the 
activity of oxygen absorption by the lungs by estimating the amount of 
gas exchange in any given conditions. It is hardly necessary therefore 
to point out that the results which are now brought forward cannot be 
compared with any that have been hitherto otherwise obtained. 

The great majority of the following experiments were carried out on 
mice. Mice are readily sensible to changes in the temperature of their 
surroundings, and a state of artificial rise of body temperature can be 
induced with the greatest ease. They are also probably the most 
susceptible amongst animals to infection with bacteria. Finally, it is 
easy by a method to be explained later, to induce in the parenchyma of 
the lung a condition of inflammatory irritation resulting in congestion 
and exudation to such an extent as to be fatal. 

In the first series of experiments the effect of simply raising the 
Geppert. Zeitschrift fur Klin. Medicin, 1881. 
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body temperature has been observed, and for this the classical method 
of the warm bath was used. 

The animal while it breathed the atmosphere containing carbonic 
oxide had its temperature raised by means of a bath of warm water 
surrounding the bottle in which it was placed. This method, though 
not very precise, was sufficient for the purpose in view, as the aim of the 
experiment was to induce a condition in which the animal was manifestly 
beginning to suffer from high temperature. In this condition the 
animal's skin became congested and it lay extended so as to expose a 
heat losing surface as large as possible. It also became very feeble in its 
movements and dyspneic. At the conclusion of a period sufficient for 
the saturation of the blood with carbonic oxide according to the tension 
in the atmosphere breathed the mouse was drowned and the colour of 
the hemoglobin estimated with carmine. A rough idea of the effect of 
the bath on the body temperature may be gained from three ob- 
servations which were taken on normal mice in a current of air after 
they had been exposed to corresponding temperatures for a period 
similar to that used in the experiments. It was impossible to ascertain 
in each case the temperature of the mouse during or at the end of each 
experiment. 


87°8° C, 6°50 40° C. 526 
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Tam No. I. Experiments on the effect of raising the body temperature by 
; the warm bath. 


Rate Duration Saturation 
of Temp. of of 
blood 


Mouse ‘088 ‘617 87’ 86° C. 49°4 25°4 No congestion of skin 
115 “441 41’ 80 59°7 22˙1 
100 424 45’ 35 58˙5 25˙1 
Average 24°2 
50 094 476 46’ 35 0. 72˙6 10°1? 
m 080 434 80’ 40 55°9 180 Skin congested &c. 
064 573 40’ 40 49°5 18°3 
078 566 80.“ 42 49 ˙5 21˙1 
” “070 600 60’ 41 50°3 19°4 


Average of last four experiments 192 


* 102 526 29’ 45° C 66°8 144 Mouse collapsed 
* 230 354 25’ 43 779 18-0 55 „ 
Average 16°2 


The observations in Table No, 1 may be considered in three groups. 
In the first place, we have three observations showing that a bath at a 
temperature of not more than 35°C. will not in this (30 —450 period 
cause signs of distress from heat nor any distinct change in the oxygen 
tension. A perfectly normal mouse may have a temperature of 39° C. 
and doubtless this fact accounts for the lack of effect from baths with 
a temperature of 35°. The tension here observed gives an average of 
242. This though slightly higher than the normal already published 
(22°6 °/, and 23°8°/,) is practically the same. It was pointed out in the 
paper referred to that there was some reason to believe that the 
precautions used to prevent the fall in body temperature, and consequent 
fall in arterial oxygen tensions, during an experiment, were not always 
successful in their purpose. 

The next group consists of five experiments in which there were 
signs of distress from heat and congestion of the skin, and with this 
there is a distinct fall in the oxygen tension in spite of the hyperpnœa 
which would in itself tend to raise the oxygen tension. In regard to 
the first experiment where the temperature of the bath is low in 
comparison with the others, it is almost certain that some factor in 
addition to the heat was at work reducing the oxygen tension. It is 
introduced here however because no such explanation could be demon- 
strated. Leaving it aside the average tension is 19°2°/,, a value distinctly 
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below that of the first group and also below the average of the normal 
results formerly published. Apart from the first observation in the 
group the results are fairly consistent with each other. In the third 
group are two experiments in which the temperature of the bath was 
raised distinctly over 40°C. This causes great collapse and in a short 
time the mouse dies from hyperpyrexia. The two observations gave an 
average of 16˙2 / , A mouse can however live with a tension much 
lower than this, as may be seen in cases where observations with rarefied 
atmospheres bave been made. On the other hand it is interesting to 
find that the value obtained in conditions where the body temperature 
has been reduced to a fatal point and where it has been raised to a fatal 
point are identical’. It suggests that with uninjured lungs this is the 
lowest point which can be reached in the presence of atmospheric air. 
The heat and cold both inhibit or paralyse the active process of absorption, 
and the value here obtained might be due to mere diffusion of oxygen 
from the alveoli. If this were the explanation however it is not easy to 
see how lower values in oxygen tension could ever be reached in the 
presence of atmospheric air. That such values are reached is clear 
from the case of tension at 10°6°/, in the present table, and also from 
cases in a later table, No. V., where there has been damage to the lung 
tissue. The discussion of this point will be resumed when we have the 
other experiments before us. It is sufficient in the meantime to remark 
that this striking effect in the oxygen tension indicates a very serious 
interference with the activity of the lungs in the process of fever. 
Whatever may be the interpretation of the ascertained fact that it is of 
vital importance to an animal to preserve its oxygen tension at a level 
beyond what is required to saturate the hemoglobin with oxygen, it is 
highly probable that in the condition of fever a high oxygen tension 
would be only the more necessary. 

It should be pointed out here that the results detailed in the above 
table are in no wise inconsistent with those of Geppert in which he 
found the amount of oxygen contained in arterial blood undiminished 
by the onset of fever. According to the curve constructed from Hüfner's 
data on the dissociation of oxybæmoglobin a tension of 14% would 
leave the hemoglobin nearly 98°/, saturated. 

The next series of experiments deals with the question of the effect 
on the oxygen tension of the toxic agents arising in the organism during 
a fatal microbic invasion. This series may be regarded as supplementary 


1 This Journal, XXII. p. 238. 
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to those just discussed and as contributing to the solution of the same 
problem. Mice were again used, and one reason in particular had 
weight in leading to the selection of them for this purpose. 


Taste No. II. Experiments on the oxygen tension of arterial blood after infection 
with bacillus pyocyaneus. 


Rate of Temp. 
arterial Temp. of 

Animal a" * — bath with CO blood mouse 
Mouse 083 588 80’ 80° C. 55°3 18°5 87°5° C. 

90 085 588 86’ 29 63°8 13°5 86°5 

0 088 588 87’ 82 62°7 147 36°83 

90 108 468 80’ 80 68°4 141 87 

” "100 535 83’ 80 69°5 12°6 869 

99 076 639 80’ 80 60°7 139 86°0 

078 674 20 30 53 ˙2 19°6 84°9 


Average 152 
Average oxygen tension in normal mice 23% 


In a paper which! Prof. Wesbrook and I published on the 
Occurrence of ‘Fever in mice, we pointed out the fact that the only 
change in body temperature which we had been able to observe after 
infection with various microbes was a fall preceding death. We were 
unable to obtain any indisputable evidence that the rise which not 
infrequently occurs in rabbits, guinea-pigs and which is the rule in man, 
ever takes place in mice. It was therefore possible to observe the effect 
of a rapidly fatal infection on the activity of the lungs without the 
complication introduced by the existence of high temperature. The 
only precaution which was necessary in the case was to ascertain that 
the terminal fall in temperature had not yet commenced. 

The observations on- oxygen tension were taken 3—5 hours after 
the inoculation. The microbe used was an active growth of Bacillus 
Pyocyaneus which was fatal in 12 hours in doses of 25 c.c. of a broth 
cultivation at least 24 hours old. Occasionally older cultivations were 
used but these were only more toxic. The manner in which this 
bacillus preserves its toxicity for mice makes it an extremely convenient 
one for a series of experiments such as those of the present research. 
That it has no special local effect on the lungs was another reason for 
using it on this occasion. The period which was allowed to elapse 
between the inoculation and the experiment in this case was very 
similar to that adopted by Geppert in his blood gas analyses after 


1 Brit, Assoc. Reports 1876. p. 974. 
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injection of pus into dogs, and which he found sufficient for establishing 
a marked departure from the normal in regard to the amount of 
carbonic acid in the arterial blood. The mice at the time of observation 
had become sluggish and unwilling to run, about but otherwise they 
did not show any abnormality. If the observations were delayed till 
the infective process had become more developed, the experiment was 
too severe and the mouse died before sufficient time had elapsed for 
the hemoglobin to become saturated up to the value for the tension 
of CO in the atmosphere breathed. This is seen in one experiment, 
the last one, which has been added. to the table for the purpose of 
showing this point. The mouse died in 20 minutes. For the latter 
part of this period also its respirations were so feeble that the period 
should be reckoned still shorter. 

In the remaining six experiments in the table it will be seen that 
the average tension is very much below the normal. In one only, the 
first, is there a value which might be regarded as approximating to the 
normal. It will further be noticed that the temperature of the mouse 
was in no case below the normal. In the last experiment, which failed 
because the mouse was too far gone, the temperature was below 35° C. 
but in others it was 36° C. or above it. 


Taste No. III. Experiments on the oxygen tension of arterial blood after infection 
with bacillus pyocyaneus, the air supply containing an excess of oxygen. 


of of Temp. 
age 

experi- arterial 

Animal ment co . 


31 
Average of infected mice 649 82°6 
Average of normal mice in similar atmosphere 115°2 86°9 


The values for the oxygen tension here are further subject to the 
remark that had the mice been normal the saturation of the hemo- 
globin to over 60°/, would have given not the normal tension, but the 
increased tension which is established when the blood is saturated to 
this extent. The average here is scarcely more than 50°/, of what 
it would have been had the mice retained the normal respiratory 
power. 

The conclusion from this series is that one of the toxic effects of a 


81’ $2°0, 64°1 73°1 766 

81’ 81 571 65°5 86% 
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fatal infection is a distinct lowering of the oxygen tension. It occurs 
before the fall in temperature and is generally speaking independent 
of the temperature change. It should probably be regarded therefore 
as one of the essential effects of the intoxication, or in other words an 
effect which depends directly on the toxic agency itself, and therefore 
as an integral part of the process of infection. 

A further series (see Table III.) of experiments was carried out 
with a view to showing with greater clearness if possible the extent 
of the paralysis. In the investigation of absorption of oxygen in the 
normal lung above referred to it was shown that an animal in 
atmospheres which contain oxygen at a higher tension than air still 
absorbs oxygen actively, and establishes in its blood a tension 
considerably higher than that of the atmospheres in question. If 
paralysis be present one would expect the animal to have lost the 
ability to establish this extremely high tension. 


Tam No. IV. Experiments on oxygen tension in arterial blood after infection with 
bacillus pyocyaneus, the animal being kept in air at a raised temperature. 


Rate of Saturation 0 
of — 4 Temp. of 
Animal "bo minute experiment bath with CO blood mouse 
Mouse 070 576 30˙ 40° C. 58 ˙5 176 38 C. 
067 555 80’ 38 46 ˙7 21°5 89°0. 
” 060 666 45’ 40 52˙3 15 38 
060 714 41’ 40 53°5 15˙1 380 


Average 174 


The mouse infected with pyocyaneus was supplied with a current of 
oxygen from a cylinder at the time it was breathing CO. 

In table No. III. four experiments of this kind are recorded, and 
they show that to a greater or less extent the power of active absorption 
has been lost. ; 

In regard to these it is interesting to compare the average with an 
average from normal mice in similar atmospheres quoted from the 
former paper. The fall is to a tension much below that of the 
atmosphere breathed—a point which roughly speaking corresponds 
to the value of 16°/, in ordinary air. 

This series therefore confirms the observations in ordinary air given 
in Table No. II. 

Finally, in regard to this question, it seemed worth while to do 
one or two experiments (see Table No. IV.) on the combination of high 
temperature and infection, for this would form an approximation to the 
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effects of heat and toxic agents together, a condition which is the rule 
in man when he suffers from a microbic invasion. 

Still more than in the former case has care to be taken to provide 
against the death of the animal before the requisite time for the 
experiment has been obtained. 

Four experiments are given and the results differ in no way from 
those already recorded. 


Taste No. V. Experiments on the effect on the oxygen tension in the arterial blood of 
exposing animals to an atmosphere containing oxygen at a high tension. 


— 
Rate Satura- of 
— to oxygen the oxygen 
% of of an high the arterial 
Animal CO min ment bain ‘blood atm blood 
Mouse 117 750 81 380°C. 678 158 187%, 3 at once 
* 121 750 30’ 82 65°0 185 168 373 as 
* 124 750 30’ 82 69°8 14°9 183 5 ‘i 
50 120 759 31 30 75 ˙⁷ 112 183 5 5 
* 139 731 46’ 33 61°1 24°5 188 7 16 
a 133 800 80% 30 66°7 18°5 181 10°5 at once 
8 102 800 30’ 32 66°8 141 181 10°5 4 
8 087 781 38’ 33 71°5 99 175 19 1 
0 057 860 36˙ 33 55°38 118 174 19 4 
„ 120 7 40% 80 710 188 174 17 3 
Lark 062 750 36’ 30 627 106 183 14 12 
4 038 789 55’ 30 47˙1 124 174 16 at once 
oa 044 750 48’ 32 43°9 160 301 2°5 5 
* 043 681 44’ 30 40˙1 179 305 1°75 12 


It now remains to consider the relation of local changes in the lungs 
to the activity of oxygen absorption. 

The most interesting local change to investigate is that which 
involves an irritation of the epithelial tissue of the lung of the simplest 
possible type. I have found that such a condition of lung tissue can 
be obtained in the following manner. The animal is placed in an air- 
tight chamber and subjected to oxygen at moderately high pressure. 
In a short time the lungs become affected, and if the pressure be kept 
up for a sufficient period, the animal dies with consolidation of the 
lungs from congestion and exudation into the alveoli, The higher the 
pressure the shorter the time during which the lungs are able to 
withstand the effects of the oxygen. It is unnecessary here to enter 
into full details of the observations I have made on this question. 
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They will form the subject of a paper to be published shortly. The 
one result which is made use of here is that in oxygen at a positive 
pressure of 35 inches of mercury the only impurity being about 
15°/, nitrogen, i. e. in a tension of oxygen less than two atmospheres, 
and in the absence of any other gas affecting respiration, a mouse will 
die with the lungs in the condition described in less than 24 hours. 
The lungs when tested post mortem sink in water, and when examined 
with the microscope the alveoli are found to be almost completely filled 
with exudate and the blood-vessels are extremely congested. 

The observations on oxygen tension in this condition are of great 
interest, not only because they show the effect of these pathological 
changes on the activity of the lung, but also because they show that 
this effect is manifested early in the process. Why oxygen at high 
pressure becomes an irritant is a question which must be dealt with 
later. 

In the table of results (No. V.) it will be seen that the experiments 
arrange themselves for the most part in groups of two. In each 
experiment two mice were placed in the chamber together and the 
oxygen tension of each taken at the end of the period of exposure to 
high pressure. It is to be noted that sometimes there is considerable 
difference between the two animals in regard to the tension in their 
arterial blood. This was noticed to depend on the resistance of the 
mice to the effects of the oxygen. A full-grown mouse for example is 
later in yielding to the oxygen than a half-grown one. Other circum- 
stances doubtless enter in also to modify the results. 

In regard to the experiment placed 5th in the table it should be 
noted that 16 hours had elapsed before the oxygen tension was taken. 
A second mouse similarly exposed had died at the end of the 7 hours. 
The one examined might have nearly recovered by the time the oxygen 
tension was observed. It was noticed in a number of the experiments 
that though the breathing had become very greatly embarrassed from 
exposure to oxygen the animals very frequently recovered in the most 
remarkable manner when replaced in air. 

Four experiments on birds are included. They were carried out for 
the purpose of ascertaining whether the same effects are to be found in 
birds as in mice after exposure to oxygen. At the end of the period of 
exposure the bird was in each case dyspnœic, the first one recorded 
being more affected than the others. The lungs showed congestion 
and partial consolidation when examined post mortem. 

The normal oxygen tension of larks is between 35 and 40°/, of an 
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atmosphere and we have in one of these experiments a fall of fully 
70°/, of the normal tension. 

In regard to the last two experiments a detail should be added 
which could not be easily brought out in the table. Previously to their 
exposure to the tension of 301°/, of an atmosphere of oxygen they had 
been exposed to a moderate tension of 100—120°/, for a period of 
12 hours. They were then exposed subsequently, after an interval of 
some hours, to the high tension of 300°/, of an atmosphere for the 
period stated in the table. 

In regard to the mice, while the results do not proceed exactly 
according to the period of exposure to the high oxygen tension, yet on 
the whole this is so, and if we compare say an exposure of 3 hours with 
one of 19 hours or even shorter periods we find that the oxygen tension 
is lower after the longer period. 

In comparing the tensions which are obtained after damage to the 
tissue of the lungs with those which are obtained by exposure to high 
temperature, or by the action of toxic agents, one interesting fact comes 
out. The diminished tensions which may be obtained by this method 
of local disturbance to the lungs are distinctly lower than the lowest 
obtained by the other means used in the present research. By means 
of the increased temperature a tension as low as 14°5°/, was reached, by 
injections of bacillus pyocyaneus a tension of 12°6°/, was reached, whilst 
by the latter method the tension falls as low as 9°9°/,. 

The gradation which is observed in the 3 sets of experiments 
suggests that we may in the study of oxygen tension in various 
pathological conditions not only find the explanation of various pheno- 
mena of respiratory disease, but also obtain data for estimating the 
clinical significance of disturbance to the respiratory functions in these 
conditions. The tables of results seem to indicate that when a 
disturbance by the active absorption of oxygen is local in the sense 
of being due to changes localised in the lungs, it is less grave than a 
similar disturbance due say to a rise in body temperature. In other 
words, there seems in the former case to be a wider limit within which 
the animal is able to survive. To interpret this fully however we 
would require to understand the reason why the organism normally 
maintains a high oxygen tension in its arterial blood. 
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SUMMARY OF CONCLUSIONS. 


1. The oxygen tension of the arterial blood leaving the lungs is 
lowered to about that of the alveolar air by the general pathological 
processes which ordinarily occur in fever and in particular by rise of 
body temperature and by toxic agents of bacterial origin. 

2. The oxygen tension is also lowered by pathological changes 
occurring in the lungs locally as a result of irritation by high pressure 
oxygen. 

3. Among the experiments here recorded the lowest tensions 
observed in the cases where the animal suffers from some general 
condition are on the whole higher than the lowest tensions observed 
when the local changes in the lungs have been bronght about. 

4. The observations of oxygen tension show that interference with 
active absorption through the lung epithelium forms an integral part of 
many conditions of disease directly or indirectly associated with the 


5. The fact, that the pathological conditions just referred to tend 
to reduce the oxygen tension of the arterial blood to about that of the 
alveolar air, affords striking confirmation of the conclusion that the 
absorption of oxygen by the lungs is an active physiological process 
and cannot be explained as due simply to diffusion. 
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DECEREBRATE RIGIDITY, AND REFLEX COORDINA- 
TION OF MOVEMENTS. By C. S. SHERRINGTON, 
M.A., M. D., F. R. S. (University College, Liverpool). (Three Figures 
in Text.) 


Decerebrate rigidity. 

Afferent nerve-roots and decerebrate rigidity. 

Forms of extensor rigidity allied to decerebrate rigidity. 
Inhibition of decerebrate rigidity by central stimuli. 
Inhibition of decerebrate rigidity by peripheral stimuli. 


1. Decerebrate Rigidity. 


IN a communication to the Royal Society in 1896“ I described under 
the name decerebrate rigidity a condition of long-maintained muscular 
contraction superveuing on removal of the cerebral hemispheres. The 
condition is one possessing considerable physiological interest, but I 
have not succeeded in finding any description of it prior to the above 
mentioned. Although continued experimentation still leaves me in 
doubt concerning the actual focus of origin of the rigidity, it will 
be useful to give here a further account of the phenomenon and of some 
points connected with it. 

When in the monkey after ligation of the carotid arteries and under 
deep chloroformisation the cerebral hemispheres are removed, and little 
hemorrhage has occurred, the respiratory movements proceed, after 
a slight temporary check, regularly as before, and the chloroform 
narcosis can be somewhat relaxed because profound unconsciousness 
has resulted from the ablation itself. Then ensues, often almost at 
once, ie. in a few minutes, sometimes however only after an interval 
of an hour or more, a status characterised by a peculiar rigidity of certain 
joints. The elbow joints do not allow then of the usually easily made 
passive flexion, the knee joints similarly are stiffly extended, The 
tail is stiff and straight instead of flexible and drooping. The neck is 
rigidly extended, the head retracted, and the chin thrown upward. 


1 Proc. Roy. Soc. ux. 
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In my observations I have been accustomed to support the animal 
freely above the table. In that way opportunity is afforded for separate 
inspection and investigation of the individual parts of the trunk 
and limbs. The joints are then free to move with little hindrance. 
Moreover the existence of and even the degree of paralysis of different 
regions is indicated very valuably by the extent to which the attitude 
is determined by mere gravitation. If in a monkey or cat transection 
below or in the lower half of the bulb has been performed, the animal, 
artificial respiration when necessary being kept up, hangs from the 
suspension points with deeply drooped neck, deeply drooped tail, and 
its pendent limbs flaccid and slightly flexed. The fore-limb is slightly 
flexed at shoulder, at elbow and, very slightly, at wrist. The hind-limb 
is slightly flexed at hip, at knee and at ankle. On giving the hand or 
foot a push forward and then releasing it the limb swings back into 
and somewhat beyond the position of its equilibrium under gravity; — 
and it oscillates a few times backward and forward before finally 
settling down to its original position. 

To this condition of flaccid paralysis supervening upon transection 
in the lower half of the bulb the condition ensuing on removal of the 
cerebral hemispheres offers a great contrast. In the latter case the 
animal, on being suspended just in the same manner as after the former 
operation, hangs with its fore-limbs thrust backward, with retraction 
at shoulder joint, straightened elbow, and some flexion at wrist. The 
hand of the monkey is turned with its palmar face somewhat inward. 
The hind-limbs are similarly kept straightened and thrust backward ; 
the hip is extended, the knee very stiffly extended, and the ankle 
somewhat extended. The tail in spite of its own weight, and it is quite 
heavy in some species of monkey, is kept either straight and hori- 
zontal or often stiffly curved upward. There is a little opisthotonus 
of the lumbosacral vertebral region. The head is kept lifted against 
gravity and the chin is tilted upward under the retraction and back- 
ward rotation of the skull. The differences in general attitude assumed 
after transection in the lower half of the bulb and after ablation of the 
cerebral hemispheres respectively is indicated in the diagrams Figure 1, 
a and b. When the limbs or tail are pushed from the pose they have 
assumed considerable resistance to the movement is felt, and unlike the 
condition after bulbar section on being released they spring back at 
once to their former position and remain there for a time more stiffly 
than even before. 


The phenomenon of this decerebrate rigidity occurs with little 
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variation in the monkey, dog, cat, rabbit and guinea-pig. In all these 
species the effect upon the fore-limb seems more intense than on 
the hind-limb. In the hind-limb the knee is the principal joint 
affected. In the rabbit the phenomenon in the hind-limb has so far 
as my observations go been particularly well seen. It is noteworthy 
that the wrist and ankle are comparatively slightly implicated in the 
rigidity, the ankle more than wrist. I have never in any instance been 
able to satisfy myself that the digits are implicated at all. 

The rigidity is immediately due to prolonged spasm of certain 
groups of voluntary muscles. The chief of these are the retractor 
muscles of the head and neck, the elevators and dorsal flexors of the 
tail, and the extensor muscles of the elbow and knee, and shoulder 
and hip. This prolonged spasm I have seen maintained in young 
cats, with some intermissions, for a period of four days. It is increased, 
and even when absent or very slight may be soon developed, by passive 
movements of the part. For example, passive flexion and extension 
of the elbow will suffice to “develop” in a few seconds a high 
“extensor rigidity” of that joint. This will after continuing a short 
time then tend to slowly relax again and then again it can be re- 
called by repetition of the passive movements. There is no obvious 
tremor in the spasm in the earlier hours of its continuance; later it 
does sometimes become tremulant. 

Administration of chloroform and ether, if carried far, quite abolishes 
the rigidity. On interrupting the administration the rigidity again 
rapidly returns. 

Section of the dorsal columns of the spinal cord does not abolish 
the rigidity. Section of one lateral column of the cord in the upper 
lumbar region abolishes the rigidity in the hind-limb of the same side 
as the section. Section of one ventro-lateral column of the cord in the 
cervical region destroys the rigidity in the fore and hind-limbs of the 
same side. 

It would be possible to ascribe these results to interruption of the 
pyramidal tract. The following however cannot be explained by appeal 
to the pyramidal system. Section of one lateral half of the bulb in the 
lower half of the floor of the fourth ventricle and quite above the level 
of the decussation of the pyramidal tracts abolishes the rigidity in the 
limbs on the same side as-the section. And, further, transverse severance 
of the lateral region only of this part of the bulb without interference 
to either pyramidal tract produces similar abolition of the rigidity of 
the homonymous limbs. Finally, excitation of this lateral region with 
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rapidly alternating series of induction shocks reinforces the rigidity 
in the homonymous side. 

If instead of both cerebral hemispheres one only, say, the right, 
be ablated, the decerebrate rigidity appears, though not with the same 
certainty as after double ablation, chiefly on the same side as the hemi- 
sphere removed. The monkey when slung after ablation of one, e.g. the 
right, hemisphere exhibits generally the following attitude. The right, 
limbs are extended in the pose above-described as characteristic for 
decerebrate rigidity, the tail is strongly incurvated toward the right, 
that is, its concavity is toward the right and its tip is also toward the 
right. It resists passive movement to the left, and if displaced thither 
immediately on being released flies back. The head also is pulled 
toward the right and retracted. The left fore-limb—and the point 
will be returned to—is sometimes distinctly more flexed than would 
be expected in the paralysed condition of the animal: the left knee 
likewise. The same results are seen in the cat. The contrast between 
the attitude of the crossed and homonymous sides is very striking. 
They are indicated by the diagrams Figure 1, b and c. The retraction 


a b c d 


Fig. 1. a. Position of animal after transection at calamus scriptorius. 
b. Position of animal after ablation of cerebral hemispheres when decere- 
brate rigidity has developed. 
c. Position of animal after ablation of one cerebral hemisphere when 
decerebrate rigidity has developed. 
d. Effect on decerebrate rigidity of severance of afferent spinal roots of 
left fore-limb. 


and We of the head cannot however be well shown in a diagram 
taking the dorsal view. 
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Homonymous extensor rigidity consequent on ablation of one hemi- 
sphere is however neither so constant of production nor so persistent 
when it has appeared as the rigidity following bilateral ablation. After 
coming on it may totally subside and again reappear, and so on several 
times over. There would seem under these circumstances a struggle 
between two conflicting influences, as though a tonic influence from the 
still intact crossed hemisphere at times overcame and at times was 
overcome by another opposed influence from a lower centre. Some 
amount. of extensor rigidity on the side opposite to the lesion is not 
uncommon. 


2. Afferent nerve-roots and decerebrate rigidity. 


If after ablation of both cerebral hemispheres, even when the rigidity 
is being maintained at its extreme height, the afferent roots, which have 
been previously laid bare and prepared, are carefully severed, the limb 
at once falls into flaccidity. From the stiffly extended position it drops 
into the slightly flexed position it assumes when flaccid under gravity. 
The result is quite local, as indicated in Figure 1, d. 

A question arises ; is this setting aside of the rigidity by severance 
of afferent spinal roots a result of their paralysis or of their irritation ? 
Is it due to pure interruption of the afferent path leading from the 
periphery to the spino-cranial centres, or is it due to mere irritation of 


the afferent fibres by the mechanical process of severing them and the 


irritation of the injury set up in them? The former seems the expla- 
nation on the following grounds, Firstly, the abolition of the rigidity 
is long-lasting, ie. persists for several hours, however the mechanical 
stimulation be minimised, the roots being cut through with as little 
disturbance as possible at the single closure of a sharp pair of scissors. 
Secondly, the rigidity developes either very imperfectly or not at all 
when the afferent roots have been severed some time, i.e. a number of 
days prior to carrying out the operation which produces the rigidity. 
Of this the following are examples. 


Cat. The dorsal (afferent) roots of the 5th, 6th, 7th and 8th right 
cervical and of the right Ist thoracic nerves were severed in the vertebral 
canal. Marked ataxy of the right fore-limb ensued with obvious weakness 
of the right fore-paw (ankle). Ten days later under deep anesthesia the 
cerebral hemispheres were removed. In the course of half-an-hour decere- 
brate rigidity fixed both knees and the left elbow in the extended position. 
The right elbow remained flaccid, although perhaps not quite so flaccid as 
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is usual after transection at the calamus. After the animal had been 
subsequently killed, the onset of rigor mortis was much delayed in the 
extensors of the right elbow as compared with those of the left. 

Cat. The dorsal (afferent) roots of the 6th, 7th and 8th right cervical 
of the right Ist thoracic nerve were severed in the vertebral canal. There 
resulted distinctly less ataxy in movements employing the paw than in the 
above example; there appeared also less weakness at the wrist, but in the 
erect position the animal stood with its left wrist less dorsal-flexed than its 
right. In jumping the animal appeared always to alight on the left fore-foot 
a little before the descent of the right. In walking each step forward with the 
right fore-limb brought the foot far round, sometimes even to the left of, the 
left foot. Twelve days later the cerebral hemispheres were removed under 
deep anesthesia. Decerebrate rigidity rapidly ensued, fixing in the extended 
position both the two knee-joints and the left elbow; but the right elbow 
remained flaccid. After killing the animal rigor mortis set in much later in 
the right than in the left triceps. Histological examination of the spinal 
cord revealed degeneration in the dorsal column of the right side but no 
further lesion. The ventral (motor) roots were quite intact. 

Monkey. Macacus rhesus. The afferent (dorsal) roots of the 5th, 6th, 7th 
and 8th left cervical nerves and of the left Ist thoracic nerve were severed in 
the vertebral canal. Marked ataxy of the left arm ensued. The movement 
of ‘grasp’ by the left hand was lost. Twenty-one days later the cerebral 
hemispheres were removed under deep anesthesia. Decerebrate rigidity 
rapidly supervened in both knees and in the right elbow, also to some 


extent in the ankles and in the right wrist. There was for some time no 


rigidity at all in the left elbow, which remained flaccid. In the course of 
three hours the rigidity increased considerably, and there were dubious 
traces of rigidity in the left elbow ; although certainly there was no rigidity 
in the left wrist. After the killing of the animal subsequently the onset of 
rigor mortis was much later in the extensors of the left elbow than in those 
of the right. Histological examination showed the lesion to be confined 
to the afferent roots mentioned above, and the degeneration to their con- 
tinuations in the dorsal column of the cord. 

Monkey. Macacus sinicus. The dorsal (afferent) roots of the 5th, 6th, 
7th and 8th left post-thoracic spinal nerves severed in the vertebral canal. 
There ensued the usual symptoms of ataxy and enfeebled grasp-movement 
noted by Mott and myself. The left knee-jerk was abolished. As the 
animal ran about it kept its left limb flexed at hip and knee. There was 
no actual ‘contracture’ in the limb. Five weeks after the initial operation 
the cerebral hemispheres were removed under profound anesthesia. Decere- 
brate rigidity soon developed in high degree. Both elbows became fixed in 
the extended position, as also the right knee. At first there was no rigidity 
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in the left knee, and later even when the rigidity elsewhere was extreme it 
was doubtful whether at the left knee any developed ; but I do not think the 
knee was so flaccid as it would have been after transection at the calamus. 
Subsequently after killing the animal rigor mortis set in much later in the 
left knee than in the right. Histological examination showed the lesion to 
implicate only the afferent roots above mentioned. 


The decerebrate rigidity seems therefore in some way dependent on 
integrity of the afferent paths of the limbs. This dependence points 
to centripetal impulses from peripheral sense-organs of the limb as 
important for the production and maintenance of decerebrate rigidity. 
in the muscles of the limb in question. Normal tonus of limb-muscles 
has been shown (Brondgeest, v. Anrep, &c.) to be similarly dependent 
on centripetal impulses from the limb; and in the case of tonus the 
afferent paths from the skin have been found less important (Mommsen) 
than those from deep structures, and especially from the muscles them- 
selves*. I find that similarly the afferent nerves from muscles can 
exercise a great local influence on decerebrate rigidity. Electrical 
excitation of the central end of a nerve-trunk distributed purely to 
muscles, e.g. the hamstring nerve of the cat“, produces immediate 
relaxation of the rigid extensors of the knee. On discontinuing the 
excitation the extensor rigidity of the knee returns. A ligature drawn 
tightly round this nerve keeps the knee of the homonymous side 
relaxed, presumably by acting as a continual slight stimulus. The 
extensor rigidity of the knee of the crossed side seems on the other 
hand somewhat increased. Mere section of the hamstring-nerve did 
not however in three experiments, made with a view to determining 
the point, prevent the development of the rigidity of the knee. 

It is noteworthy that in the second example given above the sensory 
spinal roots severed in the brachial plexus were exactly those in which 
exist the afferent nerve-fibres coming up from the triceps (extensor of 
the elbow) muscle itself—namely, from the muscle especially affected by 
the decerebrate rigidity, Also it should be stated that in all of the 
experiments performed the afferent roots cut were roots in which the 
extensor muscles—the seat of the rigidity—are represented. 

These results are strikingly in accord with views that Mott and 
myself* have put forward, and especially with an argument advanced 

1 Virchow’s Archiv, 101, p. 22. 
2 Sherrington. Proc. Roy. Soc. uu. 1898. 
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by Bastian! in discussing the condition of the limb in our experi- 
ments on the effect of severance of the sensory spinal roots upon the 
movements executed by the limb. 

J. R. Ewald? has pointed out that destruction of the otic labyrinth 
reduces the tonus of the skeletal musculature of the homonymous half 
of the body. He also found* the onset of rigor mortis delayed in the 
muscles of the homonymous side. Similarly also I found“ section of 
the afferent nerve-roots of a limb delay considerably the onset of rigor 
mortis in it. Decerebrate rigidity undoubtedly hastens the onset of 
rigor mortis in the muscles it involves. It seemed therefore desirable 
to enquire whether section of the nervus octavus would affect the 
development of decerebrate rigidity. In a monkey the VIIIth cranial 
nerve of the left side was accordingly cut intracranially between its 
surface origin and the internal auditory meatus. Nystagmus, lateral 
rolling movement, and other effects more or less striking ensued. Five 
hours later the cerebral hemispheres were removed under profound 
anesthesia. Decerebrate rigidity then quickly set in and developed 
with about equal rapidity and in about equal degree on the left as on 
the right side. 


3. Forms of extensor rigidity allied to decerebrate rigidity. 


While attempting however to obtain as above some nearer view of 
the causation of decerebrate rigidity it must be added that other 
mutilations than ablation of the cerebral hemispheres induce phenomena 
of extensor rigidity bearing at least superficially much resemblance to 
that produced by removal of the cerebrum. 

After median section of or ablation of the cerebellum a rigidity 
often, but not always, sets in somewhat similar to that ensuing 
on removal of the cerebral hemispheres. That the two conditions 
are identical I am not convinced. The uncrossed nature of the 
decerebrate rigidity suggests a causal connection between the cere- 
bellum and the rigidity, perhaps through the nucleus of Deiters, 
which as first shown by Ferrier and Turner possesses large efferent 
connections from the side of the cerebellum. On the other hand the 
crossed cerebello-cerebral and crossed cerebro-cerebellar paths, in the 
anterior and middle peduncles on which Mingazzini’s histological 
work has recently thrown more light, may form a circuit whose function 
is upset in much the same way whether cerebellar or cerebral ablation 


1 Proc. Roy. Soc. LVIII. p. 96. 1896. Nervus Octavus. Wiesbaden, 1892. 
3 Pfliiger’s Archiv. 1894. Proc. Roy. Soc. Im. 1898. 
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be performed. This might explain the supervention of a similar 
condition after either one of those injuries. Median section of the 
cerebellum also causes some extensor rigidity of the limbs. It will be 
remembered in this connection that the paths ascending by the inferior 
peduncle and reaching the superior vermis largely decussate there across 
the median line (Mott, Thomas, etc.). 

It is significant that decerebrate rigidity sometimes persists after 
removal of the cerebellum, if the latter ablation be performed without 
any serious amount of hemorrhage. 

These allied forms of extensor rigidity further resemble decerebrate 
rigidity in similarly being readily broken down by appropriate central 
and peripheral excitations, among the former of which are to be included 
excitations applied to the Rolandic area of the cortex cerebri. 


4. Decerebrate rigidity inhibited by central stimuli. 


One of the chief interests of decerebrate rigidity attaches to 
it as a field for examination of the play of inhibition. For this it 
gives a wider scope than can be usually obtained, and it has revealed 
to me an almost unexpectedly significant number of examples of 
depressor effect generally, perhaps always, in combination with pressor 
effects, that is to say, in the form of reciprocal innervations. 

Electrical excitation of the dorsal spinal columns in the cervical 
region provokes such inhibitions. Similarly, as mentioned in my first 
paper, electrical excitation of the crusta cerebri sometimes inhibits the 
rigidity, evoking reciprocal innervation of antagonistic muscles at elbow, 
knee, etc. So also excitation of the pyramidal tract. In the monkey 
similar inhibition of the decerebrate rigidity can be produced by 
excitation of the anterior (cerebral) surface of the cerebellum’, as 
mentioned in my previous paper. Faradisation of points in a large 
area extending from near the middle line far out toward the lateral 
border of the cerebellar surface causes relaxation of the rigid neck 
and tail muscles, and relaxation of the rigid limbs, especially of the 
uncrossed side. 

But the homonymous extensor rigidity which frequently ensues, as 
above mentioned, on ablation of one cerebral hemisphere presents an 
opportunity for examining the effect of excitation of the cerebral cortex 
itself (of the remaining hemisphere) upon the activity of the extensor 
muscles of the crossed elbow and knee. I find in the Rolandic region 


1 In the following year its occurrence in the dog and cat was reported by Loewenthal 
and Horsley, Proc. Roy. Soc. uxt. 1897. 
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of the monkey a cortical area which gives, markedly and forthwith, 
inhibition of the contraction of the extensor of the elbow; and another 
cortical area which similarly when excited inhibits the contraction of 
the extensors of the knee. This is in accord with the results obtained 
under different conditions by H. E. Hering and myself.. Also, as 
Hering and myself in those other experiments noted, the areas of 
cortex whence inhibition of the active extensors is elicited are not the 
same areas as those whence contraction of the extensors is elicited, but 
on the other hand coincide with the areas whence contraction of the 
flexors can be excited. 
5. Decerebrate rigidity inhibited by peripheral stimuli. 

Besides the inhibitions from the central nervous system inhibition 
of decerebrate extensor rigidity can be evoked by excitations 3 
to the periphery. 

Thus on excitation of the central end of the 2nd cervical nerve, or 
of a branch, even a small twig of that nerve, the high-held retracted 
head drops almost as if knocked down by a blow from above. The 
muscles causing the retraction can be seen and felt to relax at once 
under the excitation; the completeness and suddenness of the relaxation 
is surprising. 

Similarly, after removal of the cerebral hemispheres, when it is easy 
to apply electrodes to the divisions of the trigeminus on the floor of the 
middle fossa of the cranium, a touch with the electrodes is enough to 
cause the relaxation of the rigid neck muscles: and the stimulation 
need not be strong in order to similarly evoke relaxation in the fore-limb, 
the hind-limb, and in the tail. Indeed the erected tail drops almost 
as easily and suddenly as the retracted neck. Excitation of even small 
twigs of distribution of the 5th effects the same; even the faradisation of 
certain spots of the dura mater suffices. Stimulation of a digital nerve or 
of the radial trunk causes relaxation of a similar kind, but commencing 
in the limb. Stimulation of the saphenous nerve as mentioned in my 
previous paper’ similarly causes relaxation commencing in the bind- 
limb and tail. 

_ Electric stimulation of the optic nerve is less effectual. _ 

Excitation of the skin itself produces similar results, and here it is 
easier to obtain more restricted play of the inhibitions, and therefore 
results more instructive in regard to the mutual distribution and 
cooperation of depressor and pressor reactions. | 


1 Proc. Roy. Soc. uxt. 1897. Pfliiger’s Arch, XVII. 1897. 2 Proc. Roy. Soc. Lx. 
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On excitation of the pinna of the ear, e.g. the left—whence the 
afferent paths are 5th cranial and 2nd cervical (in dog, cat and rabbit 
1st cervical also) admixed—a complex reflex reaction to the following 
effect occurs. 

The head high-held and retracted, is somewhat dropped and turned 
away toward the right, the stiffly extended left fore-limb is flexed at 
elbow, extended at wrist, and brought forward. The left hind-limb is 
thrust backward, its existing extension at hip and knee being increased. 
The right fore-limb is thrust backward, its existing extension at elbow 
and shoulder being increased. The right hind-limb is flexed at hip and 
knee and ankle. The erected tail is dropped. (Fig. 2, compare b and c.) 


Fig. 2. a. Position of animal after transection at calamus scriptorius. 
b. Position under decerebrate rigidity. 
c. Change of attitude from b evoked by stimulation of left pinna. 


In this reaction there occurs (1) inhibition of the rigid left triceps, 
with contraction of the antagonistic pre-brachial muscles, (2) further 
increase of the maintained spasm of the extensors of the left knee and 
hip, (3) further increase of the maintained spasm of the right triceps 
brachii with relaxation of the antagonistic pre-brachial muscles, 
(4) inhibition of the rigid maintained spasm in the extensors of the 
right knee and hip with contraction of the hamstring and tibialis 
anticus muscles of the right hind-limb. 

In this reflex the turning of the head away from the stimulus 
forcibly gives the impression of an attempt to escape from the irri- 
tation; and the concomitant raising and moving forward of the left 
fore-paw forcibly gives the impression of an attempt to remiove the 
source of irritation. 
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If instead of the left pinna the skin of the left hand (or in cat the 
pad of the fore-foot) be the site of stimulation reaction occurs to the 
following effect. (Figure 3, b.) 


a b c 


* 


Fig. 3. a. Position under decerebrate rigidity. 
b. Change of attitude from a evoked by stimulation of left fore-foot. 
c. Change of attitude from a evoked by stimulation of left hind-foot. 


The high-held retracted head is let fall somewhat and turned 
toward the side stimulated. The stiffly extended left fore-limb is 
flexed at elbow, extended at wrist and brought forward. The left hind- 
limb already extended is extended even further, especially at the hip. 
The right fore-limb is thrust backward and its already existing extension 
at elbow and shoulder is increased. The right hind-limb is flexed at 
hip and knee and ankle, its preexisting extensor righty being broken 
down. The erected tail is dropped. 

Between this reaction and the foregoing the chief difference is in 
regard to the movement of the head. In the foregoing the movement 
resembled one employing the left sternomastoid—but inspection proves 
that at least other muscles besides the sternomastoids are involved in it. 
In the latter the movement seems due to lateral flexors of the neck in 
combination with relaxation of some of the retractors of the head. 

If the cutaneous point excited instead of being in the hand be in the 
left foot (ie. be in cat the left hind-pad) the reaction which occurs is to 
the following effect. The extensor spasm in left hind-limb at knee and 
hip is broken down, and flexion at hip, knee and ankle occurs. The 
tail is drooped from the stiff erect position. The left fore-limb has 
its extensor rigidity not diminished but increased. The right hind-limb 
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also undergoes not a relaxation of its extensor spasm but an increase. 
In the right fore-limb the extensor spasm is broken down, and the limb 
is advanced with flexion at elbow, extension at wrist and advancement 
at shoulder. The head is somewhat drooped. These results as illus- 
trated in the cat are indicated in Figure 3,c. Here again the movement 
is forcibly suggestive of a purpose, namely, the withdrawal of the limb 
from the place of an irritation. 

In this reaction the relaxation of the extensors of the left knee and 
hip is accompanied by active contraction of the hamstring muscles, of 
the part of the quadriceps cruris which flexes the hip, and of the 
tibialis anticus and pretibial flexors, also in some cases of the peroneus 
longus. The relaxation of the right triceps brachii is accompanied by 
active contraction of the pre-brachial flexor. 

Further examples of local restriction of the inhibitory effect are 
those which I gave in my first communication: a touch on the skin 
of the perineum producing inhibition often confined to relaxation 
of the spasm of the extensors of the stiffly elevated and tonically 
upeurved tail; rubbing of the cheek producing inhibition of the spasm 
of the muscles retracting the neck and head. 

Regarding the inhibition of triceps brachii and quadriceps cruris, 
and to a less extent of the gastrocnemius, it is interesting to note that 
these muscles, which among the limb muscles are particularly difficult 
to provoke to action by local spinal reflexes, are seen in these ex- 
periments to be easily accessible when inhibition and not merely 
augmentation is taken into account. The well-known observation, 
first established I believe by Sanders Ezn, that the extensors of the 
knee are very inaccessible to spinal reflex action, has as I have recently 
shown!’ certain important limitations. But at the same time so long 
as the transection is spinal—even when carried out so as to isolate not 
merely a portion of the spinal cord, but the whole cord entire from 
bulb to filum terminale—does apply really very strictly to excitations 
arising in its own local region proper. And the spinal reflex relations 
of triceps brachii in this respect, and also of gastrocnemius somewhat 
resemble, as I have elsewhere pointed out, those of the distal portion 
of the quadriceps extensor of the leg. The difference between the 
accessibility of the quadriceps and triceps to reflex action after 
infrabulbar and after suprabulbar transection it seems to me is a matter 
of superficial rather than fundamental distinction. The manner of 
reply of triceps brachii and quadriceps cruris seems not different in the 
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two conditions. When the conduction across a nexus is signalised by 
a minus sign instead of a plus, the former, to find expression, must 
predicate an already existent quantity of contraction - tonus or spasm— 
to take effect upon. Against a background of maintained contraction 
effects otherwise invisible, because in the nature of inhibition and 
therefore finding expression as relaxation, become visible. It seems 
likely enough that even when transection is infrabulbar, and therefore 
when merely spinal mechanisms remain in force, the same nexus obtains 
but that then, since that background of maintained contraction is 
lacking, the play of inhibitions remains invisible, never coming within 
the field of ordinary methods of observation. 

When the rigidity is developed after ablation of one cerebral 
hemisphere only, besides the extensor spasm on the uncrossed side there 
is usually some flexion on the trossed side, and this especially, I think, 
when the cortex is inexcitable, owing to anemia, etc. In connection 
with this I would add that, in conformity with results in the dog recently 
reported by Wertheimer and Lepage, I have in examining in repeated 
experiments the movements obtainable from the homonymous limbs by 
excitation of the cerebral cortex never seen flexion of the limbs but 
always extension, whereas from the crossed limbs it is easy, as is well- 
known, to obtain both flexion and extension, separately. 


The results arrived at in the above communication can be shortly 
summarised thus :— 

“ Decerebrate rigidity” is but a type of extensor spasm of which 
allied examples follow various other lesions of the cerebello-cerebral 
region. 

The development of “decerebrate rigidity” in a limb is largely 
determined by centripetal impulses coming from the limb in question. 

The contraction of the muscles active in “ decerebrate rigidity” can 
be readily inhibited by stimulation of various regions of the central 
nervous system, and, among others, of the sensori-motor region of the 
cerebral cortex. 

The activity of the rigid muscles can be readily inhibited by stimu- 
lation of various peripheral nerves, and, among others, of the afferent 
nerve-fibres proceeding from skeletal muscles. 

Reflexes obtained from the decerebrate animal exhibit contraction 
in one muscle-group accompanied by relaxation, inhibition, in the 
antagonistic muscle group (“reciprocal innervation”), and this in such 
distribution and sequence as to couple diagonal limbs in harmonious 
movements of similar direction. 
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THE PHYSIOLOGY OF THE SALMON IN FRESH 
WATER. BT FRANCIS D. BOYD, JAMES C. 
DUNLOP, A. LOCKHART GILLESPIE, G. LOVELL 
GULLAND, E. D. W. GREIG, S. C. MAHALANOBIS, 
M. I. NEWBIGIN anp D. NOEL PATON. Under the 
direction of D. NOEL PATON. 


(From the Laboratory of the Royal College of Physicians, Edinburgh.) 
INTRODUCTION. 


In this paper is given a very short account of the results obtained 
in an extended series of observations on the “Life History of the 
Salmon in Fresh Water” so far as these have a special bearing on 
Physiology. The full account is published as a Report to the Scottish 
Fishery Board (Report on the Investigations on the Life History of the 
Salmon in Fresh Water from the Research Laboratory of the Royal 
College of Physicians of Edinburgh. Edited by D. Noél Paton, M.D., 
Superintendent of the Laboratory, 1898) and to this the reader is 
referred for further and more detailed information with regard to the 
points here mentioned and also with regard to the discussion of the 
results obtained earlier by Miescher Ruesch and others. 

The objects of the investigation are—{1) To study the causes and 
course of migration from the sea to the rivers and vice versa. (2) To 
elucidate the question of whether salmon feed in fresh water. (3) To 
investigate the metabolism of the fish during its sojourn in the river 
while its genitalia are rapidly growing. 

The results of a long series of observations on these questions are 
discussed by Miescher Ruesch in his article“ Statische und bio- 
logische Beiträge zur Kenntniss vom Leben des Rheinlachses im 
Süsswasser published in the Internationale Fischerei-Ausstellung zu 
Berlin 1880 Schweiz (Leipzig. Druck von Metzger und Wittig), 
pp. 154 to 232+ 


1 See also Histochemischen und Physiologischen Arbeiten von Freidrich Miescher, 
u. p. 116. Leipzig, 1897. 
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These observations were made upon salmon taken for the most part 
near Basel, about 500 miles from the mouth of the Rhine. But no 
comparison was made between fish leaving the sea and those in the 
upper reaches of the river. A very large number of fish were examined 
and the relationship of the weight of the genitalia to the total weight 
determined. A large series of percentage analyses of muscle, ovaries 
and testes were made, but only two entire fish both taken in August 
appear to have been analysed. By comparison of these with fish taken 
later in the season conclusions are drawn as to the nature and extent 
of the metabolism. 

From these observations Miescher's principal conclusions are: 

(1) That the salmon does not feed during its sojourn in fresh 
water. 

(2) That the material, fat and proteid, stored in the muscle is 
transferred to the growing ovaries and testes. 

(3) That the amount of fats and proteids stored in the muscles 
is more than sufficient to supply the material required by the growing 
genitalia, 

For the reason that Miescher Ruesch’s conclusions were based 
upon a somewhat inadequate series of observations, and since many 
points of interest are left uninvestigated, the following investigations 
were considered necessary. 

Among the points uninvestigated by Miescher or only partially 
investigated may be mentioned: 

(1) The proportion of fats and proteids stored in the muscle 
which go to the growing genitalia and the proportion used as a 
source of energy. 

(2) The extent to which the energy of muscular work is yielded 
by proteids and fats respectively. 

(3) The nature of the proteids of the muscle. 

(4) The nature of the phosphorus compounds and the oer of 
this element between muscles and ovaries and testes, 

(5) The exchanges of iron between the muscles and the ovaries. 

(6) The nature, source and exchanges of the pigments of the 
muscles and ovaries. 

The material for our investigations was supplied by the Scottish 
Fishery Board, and I have to acknowledge my indebtedness to 
Mr Archer, Inspector of Salmon Fisheries for Scotland, not only for 
making all arrangements for the supply of material, but also for very 
valuable assistance and advice during the prosecution of the work. 
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In 1895, 19 fish were supplied by the generosity of Mr Johnston 
of Montrose. | 

In 1896, 69 fish were supplied from the Helmsdale, Spey, Dee and 
Annan, by the various proprietors and lessees of the Fishings. 

In 1897, 22 kelts were received chiefly from the mouth of the Spey. 


A. Do Salmon feed while in Fresh Water? 


Before considering the metabolic changes it was necessary in the 
first place to answer the question—Do salmon feed while in fresh 
water? Meischer Ruesch comes to the conclusion that they do not, 
but his evidence is not conclusive. 

It seemed probable that a solution of the question might be arrived 
at by three different lines of investigation— 

(1) The condition of the mucous membrane of the alimentary canal. 

(2) The activity of the digestive secretions. 

(3) The bacteriology of the alimentary tract. 


The Minute Structure of the Digestive Tract of the Salmon 
and the changes which occur in it in Fresh Water. By G. 
LovELt GULLAND, M.A., M. D., F.R.C.P. Ed. 


1. Method. The method of fixing in perchloride of mercury was 
employed and the specimens were cut in paraffin. 

2. Results. 

A. Stomach. 

I. In Fish entering the rivers. The mucosa is divided into (a) a 
glandular, (b) a subjacent connective tissue layer containing the mem- 
brana compacta of Oppel. The latter membrane is of the nature of 
white fibrous tissue. No structure can be made out in it, but it is 
continuous with the fibrous tissue above and below. 

The glandular layer shows three types of epithelium: (1) the 
superficial epithelium of the ducts; (2) the intermediate epithelium ; 
(3) the zymin forming epithelium of the glands. 

II. In Fish from the upper waters. The membrana compacta is 
thickened. The superficial and intermediate epithelium is desquamated. 
The secreting epithelium is partly desquamated and when not detached 
is degenerated, The septa between the glands tend to fall together. 
Observations on the trout’s stomach show that these changes are not 
due to post-mortem degeneration. 
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III. In Kelts. In these fish the mucous membrane has the same 
characters as in the fish from the estuaries—a complete regeneration 
has occurred. 


B. The Pyloric Appendages and Intestine. 


In structure the upper part of the intestine and the pyloric 
appendages exactly resemble one another. In both there is a well 
marked membrana compacta. In both the mucous membrane is 
thrown into longitudinal folds and is covered with a cylindrical 
epithelium with hem-like border and with numerous goblet cells. In 
both Lieberkühn's glands are absent. 

In almost all the fish examined from the estuary and in all from 
the upper reaches, the epithelium was in a desquamating condition and 
showed a marked contrast to the epithelium in feeding trout. This 
condition is not due to post-mortem change. 


©. Pancreas. 


A true pancreas is scattered diffusely through the fat round the 
pyloric appendages. While in feeding trout the cells are found by 
staining with iron hematoxylin to contain zymogen granules, in all the 
salmon examined these are absent or very feebly developed. In the 


salmon from the upper waters of the rivers the pancreas cells are small 
and shrunken. 


D. Liver. 


The only important point observed was that the liver cells of 
salmon from the estuaries contain more fat than those from the 
upper waters. 


In all the gall- bladders examined the epithelium was in a catarrhal 
condition. 


The state of the gall-bladder as regards the presence of bile is 
of interest. 


A. Estuary Fish. 

Distended Em 

in per cent. in per cent. 
May 75 25 
June 100 0 
July 83 17 
August 60 40 
October 33 67 
November 0 100 
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B. Upper Water Fish. 
In all the gall-bladder was empty. 


C. Kelts. 
In nearly all the gall-bladder was distended. 


E. Presence of Food. 
In none of the 118 fish examined was any trace of food found. 
Miescher examined the stomachs of 2000 salmon from Basel and in 
only two—both kelts—were any traces of food discovered. 


The Activity of Digestion in the various parts of the 
Alimentary Canal. By A. LockHart M. D., F. R C. P. Ed. 


The proteolytic and diastatic action of extracts of the mucous 
membrane of the stomach, intestine and pyloric appendages of fish 
taken in the estuaries and in the upper waters of the rivers at 
different seasons were studied. 

Methods. The stomach and intestine were separately placed in 
alcohol for 48 hours. The alcohol was then removed and the tissue 
minced and placed in glycerine to which some water was added, and 
left for a month or six weeks. The glycerine was then poured off and 
in each case made up to 50 c.c. 

A. Peptic Digestion. 

With this extract the digestive activity was determined upon 
definite solutions of egg-albumin. ; 

_ Expressing the digestive activity by the percentage amount of 
albumin digested in six hours at the room temperature, it was found 
that in the fish examined from the estuaries the digestive activity was 
9°5, and from the upper waters—excluding kelts—9°1. The digestive 
activity of the kelts was 29°8. 

The digestive activity was found to be directly proportionate to the 
acidity of the glycerine extract. 

As regards the nature of the acid in the mucous membrane it was 
found that no free hydrochloric acid was yielded to the alcohol in which 
the tissue was preserved but that there was some hydrochloric acid in 
organic combination. A volatile and a non-volatile organic acid were 
present. | 

These acids are most abundant when bacteria are fewest and 
therefore they are not produced by the action of organisms. — 
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B. Tryptio Digestion. 

-i. Intestine. The activity of the intestine alone was tested in 
two fish only and these gave a digestive power of 126 and 16°9 
respectively. 

ii. Pyloric appendages. The digestive activity of extracts of the 


appendages is much greater than those of the stomach, being on average 


43°6. 

On comparing the tryptic with the peptic activity in the same fish 
it was found that when the peptic power is low the tryptic activity 
is also below the average. 


* 


The Bacteriology of the Alimentary Canal. By A. Lock - 
HART GILLEsPIE, M. D., F. R. C. P. Ed. 


Miescher Ruesch makes the statement that there is less tendency 
to putrefaction in the viscera of salmon caught in the upper waters 
of the Rhine than in those caught in the sea. He considers that this 
indicates that the salmon in the upper waters have not been feeding 
and have not been swallowing putrefactive organisms. 

In the present observations the alimentary canal of salmon leaving 
the sea and of salmon taken in the upper waters of saath rivers has been 
systematically examined as to— 

(1) The number of organisms in cesophagus, stomach and intestine. 

(2) The nature of these organisms. 

(3) The relationship of the number and nature of the organisms to 
the part of the river in which and the time of the year at which the fish 
were captured. 

Method. Gelatine roll cultures were employed, the number of 
colonies being counted. A platinum wire of the same size was used in 
each case. 


Results. 


i. Number of organisms. 
In 12 fish from the upper waters and 29 fish from the estuaries the 


following results were obtained. 


Average Number of Colonies cultivated from each Fish. 


(Esophagus Stomach Intestine Total 
Estuary 109 78 75 263 
Upper water 152 189 118 460 
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It is interesting to observe that in the fish examined in May and 
June there was a greater number of organisms in the estuary fish than 
in the fish in the upper waters. 

These results show that Miescher’s statement is incorrect and that 
while the number of organisms in the cesophagus is not markedly 
different in fish in the estuaries and in the upper waters, the number in 
the stomach and intestine is distinctly smaller in the fish just leaving 
the sea. . 

It was found that in both classes of fish the number of organisms 
was greater during the warm summer months than during the colder 
months of October and November. 

ii. Nature of the organisms. 

This was roughly worked out, the colonies being classified into— 

(1) Putrefactive—those liquefying gelatine. 
(2) Non-putrefactive—those not liquefying gelatine. 
(3) Moulds. | 

It was found that the colonies varied more in kind than in number, 
and that the number of putrefactive as well as of non-putrefactive 
organisms depended largely upon the temperature. 

As to the relative number of putrefactive organisms in fish in the 
estuaries and in fish in the upper reaches of the rivers it appeared that 
from July onwards a larger proportion of the organisms which liquefied 
gelatine were present in the fish from the upper waters than in the 
fish from the estuaries. 


Percent. of Colonies liquefying Gelatine. 
March May & June July & Aug. Sept. to Nov. 
Estuary — 3 25 62 67 
Upper 84 73 
This fact is of course opposed to Miescher’s idea that putrefaction 
does not occur so readily in the upper water fish as in those from 


the estuaries. The increase in the putrefactive organisms is probably 
due to the diminished acidity of the stomach contents already noted. 


B. The Metabolism of the Salmon in Fresh Water. 


It having been shown in the previous papers that during their 
sojourn in fresh water salmon do not digest food, it was possible by a 
comparison of the chemical composition of the fish leaving the sea and 

PH, XXII. 23 
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after they had ascended the rivers to draw definite conclusions on the 
exchanges of material in the body. 

The method employed in the present series of observations has the 
following advantages over that employed by Miescher. 

(1) Salmon were procured from the estuaries and from the upper 
reaches of three rivers—the Helmsdale, Spey and Dee—from May to 
November. During this period there is a constant run of fish from the 
sea to the rivers. There is evidence’ to show that those coming 
in the early months run right up to the head of the rivers while 
those coming in the later months—October and November—do not 
reach these head waters at all, or at least not until a later period. 
From this constant upward stream samples were taken in the estuaries 
and in the upper waters. Since it was impossible to say when the fish 
captured in the upper waters in May and June had left the sea, they 
are disregarded in the consideration of the chemical changes. The fish 
leaving the sea in July and August reach the upper waters in these 
months’, and hence it was considered fair to compare the upper water 
fish of July and August with the estuary fish from May to August. 
Since the fish leaving the sea in October and November do not reach 
the upper waters in these months, the upper water fish of October and 
November were compared with the estuary fish from May to August. 


Upper water Estuary 
July and August compared with May to August 

(2) The whole fish was available for analysis and not only were the 
weights of the ovaries, testes, liver and other viscera determined, but 
the weight of the muscle was also ascertained in each case. 

(3) It is well known that the “thick” and “thin” of the salmon 
differs much in character and in these observations separate analyses 
were made of each portion of musculature. It was found that the thin 
constituted about } of the whole flesh. 

(4) In comparing fish of different sizes length was taken as the 
standard and the analyses of every fish were reduced to correspond to a 
fish of standard length. The length selected was 100 cm.—the length 
of a salmon of about 30 lbs. This was selected simply because it 
yielded figures easy to deal with. In reducing weights to terms of 


standard length it must be remembered that the weight varies with the 
cube of the length. 


+ Fishery Report, p. 75. * Fishery Report, p. 75. 
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Throughout these communications all analyses, unless otherwise 
stated, are expressed as for a fish of 100 cm. in length or as per fish of 
standard length—S. L. 

It was found that in all particulars the fish of the Helmsdale, Spey 
and Dee resembled one another, so that these three rivers, running 
into the North Sea, may practically be considered as one. 

Of the 55 female fish received in 1896 the following were analysed. 


Estuary fish Upper water fish 
Received Analysed Received Analysed 
May & June 14 7 7 6 
July & e 13 6 6 5 
October & November 7 5 8 7 


Of the 14 male fish received in 1896 12 were analysed. 


Estuary fish Upper water fish 
— — 

Received Analysed Received Analysed 
May & June 2 2 2 2 
July & A *4 2 3 3 
October & November 2 2 1 1 


* Two of these were from the Annan and were therefore excluded. 


By 
D. Nokl Parton, M.D., F. RC. P. Ed. 


Method. The fats were extracted as described on p. 344. The 
residue was then dried at 110° C. and weighed. The weight of the fats 
was added to give the total weight of solids. 


Results. 
Female Fish. 
Solids of Muscle. 
Mouth of river Upper re reaches 

J of solids | Solids per fish 0/, of solids | Bolids per fish 

Thick Thin length Tick Thin length 
May & June 332 38:7 2210 29°38 32˙7 1710 
July & Aug. 329 36:1 2270 29°2 32˙4 1690 
Oct. & Nov. 261 31˙3 1750 21˙2 23:3 880 
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Solids of Ovaries 
Mouth of river Upper reaches 
Solids per fish Solids per fish 
% of solids | of standard length % of solids | of standard length 

May & June 35°0 47°3 36°3 95°5 
July & August 34°4 720 38°5 1680 
Oct. & Nov. 38 545-0 37°7 8010 


From these analyses the following balance may be struck. 


A. Balance to August. 


Average solids per fish of S. L. in muscle: 
in estuary fish (May to August) 


in upper water fish (July & August) 1690 


Loss 550 


Average solids per fish of S. L. in ovaries: 


in estuary fish (May to August) 


59°6 


in upper water fish (July & August) 168-0 
Gain 108-4 
Thus of the 550 grms. of solids lost from muscle, 


109 go to the ovaries, 
441 are available as a source of energy. 


B. Balance to November. 
Average solids per fish of S. L. in muscle: 


in estuary fish (May to August) 
in upper water fish (Oct. & Nov.) 


Loss 1360 


2240 


Average solids per fish of S. L. in ovaries: 


in estuary fish (May to August) 
in upper water fish (Oct. & Nov.) 


59 
800 


Gain 741 


Thus of the 1360 grms. of solids lost from muscle, 
741 go to ovaries, 
619 are available as a source of energy. 
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Male Fish. 
Solids of Muscle. 
Estuary Upper reaches 
130 solids Solids per fish || % of solids | Solids per fish 
i Thin | of standard length ck Thin of standard length 
May & June 305 1827 32˙7 1774 
July & Aug. 29°5 38°8 2452 29°6 31°6 1592 
Oct. & Nov. 25°4 270 1470 20°5 20°4 865 
Solids of Testes. 
Solids per fish Solids per fish 
% of solids of standard length % of solids | of standard length 
May & June 20°0 2°72 18°7 8-0 
July & August 176 4°73 16°3 186 
Oct. & Nov. 25°6 66:00 22°1 59°3 


A. Balance to August. 
Average solids per fish of S. L. in muscle: 
in estuary fish (May to August) 2130 
in upper water fish (July & August) 1592 


Loss 538 
Average solids per fish of S. L. in testes: 
in estuary fish (May to August) 3°7 
in upper water fish (July & August) 18-6 
Gain 149 
Thus of the 538 grms. lost from the muscle, 
14:9 go to the testes, 
523 are available as a source of energy. 
B. Balance to November. 
Average solids per fish of S. L. in muscle: 


in estuary fish (May to August) 2130 
in upper water fish (Oct. & Nov.) 865 
Loss 1265 


1 Only es upper water fish was procured during these months and hence this belance 
cannot be aceepted as of value. 
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Average solids per fish of S. L. in testes: 


in estuary fish (May to August) 37 
in upper water fish (Oct. & Nov.) 59˙3 
Gain 55°6 


Thus of the 1265 grins. lost from the muscles, 


55°6 go to the testes, 
1209 are available as a source of energy. 


The Fats of the Muscles, Ovaries, Testes and other Organs 
and their Changes. By D. Noiit Patron, M.D., F. R. C. P. Ed. 


Method. Weighed portions of the organs were preserved in spirit 
and after a month reduced to a fine powder and extracted for three 
days or longer if necessary with ether in a Soxhlet’s apparatus. This 
method was preferred to Dormeyer’s because the residue was used for 
the determination of the solids and nitrogen &c. It was impracticable 
to preserve separate samples for each process of analysis. As it was 
no less than six bottles were put up from each fish examined. The 
method was checked against Dormeyer’s and it was found that after 


extraction by Soxhlet’s method, 0°23 % of the whole ether extract from 


the thick of the muscle and 0'13°/, from the thin of the muscle could 
be afterwards extracted by Dormeyer’s method. In the ovary Soxhlet’s 
method gave 54% of the ether extract less than Dormeyer's method. 
The method was thus sufficiently accurate for our purpose. 


May & June 102 179 91 6˙8 10°3 
July & Aug. 98 168 89 71 12-2 10˙8 
Oct. & Nov. 54 102 98 31 6-3 


Average amount of Fate per Fish of Standard Length. 


Muscle Ovary 
Estuary Upper Estuary Upper 
May & June 768 448 12 29 
July & August 770 476 18 46 
Oct. & Nov. 426 159 145 204 


| 
| 
| — 
Results. 
Female Fish. 
i Average percentage of Fats. 
Estuary Upper 

Thick Thin Ovary Thick Thin Ovary 
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Fat Balance. 
Average | — — — 
Date and source of fish muscle fat Loss ovary fat Gain | for energy 
May toAug. Estuary 770 15 
July & Aug. Upper 478 292 46 31 261 
May to Aug. Estuary 770 15 
Oot. & Nov. Upper 159 611 204 189 422 
Male Fish. 
The number of male fish analysed is too small to allow of satisfactory 
conclusion being arrived at. 
Average percentage of Fats. 
Estuary Upper 
Thick Thin Testes Thick Thin Testes 
May & June 873 154 44 86 126 40 
July & Aug. 11°5 184 33 70 10˙6 203 
& Nov. 3°4 7600 31 22 34 23 
Average amount of Fats per Fish of Standard Length. 
Muscle Testes 
Estuary Upper Estuary Upper 
May & June 591 561 0°6 1-73 
July & August 922 428 0°88 2-41 
Oct. & Nov. 254 103 8-08 6°34 
Fat Balance. 
Average A Surplus 
Date and source of fish muscle fat Loss testes fat Gain for energy 
May to Aug. Estuary 756 0-74 
July & Aug. Upper 428 328 2°41 1-67 326 
May to Aug. Estuary 756 0-74 
Oct. & Nov. Upper 103 819 6˙34 5-46 813 
Fat is also stored in the viscera chiefly around the pyloric appendages 
and in the liver. 


From an examination of three salmon taken in the estuaries between 
May and August it was found that around the pyloric appendages about 
40 grms. of fat per fish of S. L. is stored. The pyloric fat in two upper 
water fish in October and November was only about 13 grm., so that 
practically all the pyloric fat had been consumed. 
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Similarly in the liver it was found that in two estuary fish taken 


between May and August the fats averaged about 25 grms. In two 


upper water fish in October and November they amounted to only 
about 4 grms.—so that here again evidence was afforded that the fats of 


the viscera are consumed. 


This internal store of fats is however small and unimportant when 
compared to the store of fats in the muscles, and the part played in the 
metabolism is entirely overshadowed by the part played by the muscle 
fats. | 

The amount of fats lost from the muscles is thus far more than 
sufficient to yield the fats stored by the growing ovaries and testes. 


Histological changes in the Muscle-Fat of Salmon. By 
S. C. MaHALanosis, B.Sc., F.R.MS. 


Miescher Ruesch describes the changes in the muscle as a de- 
generation’, and he develops the view that these changes are brought 
about by the diminished blood supply to the muscle resulting from 
the rapid growth of the genitalia. 

The results of the present series of observations do not support this 
theory. 

Methods. Pieces of the muscle, both thick and thin, were fixed, 
(a) in perchloride of mercury, (6) in osmic acid. They were cut in 
paraffin and stained in various ways, chiefly with eosin. These specimens 
were taken from fish entering the river early in the season and from 
fish in the upper waters later in the year. 

Results 


A. Interfibrous Fat. In the salmon entering the river there is 
a great accumulation of fat between the muscular fibres of the trunk 
muscles, As the season advances this steadily diminishes, and in the 
fish about to spawn this has almost disappeared. 


B. Intraſibrous Fat. In the salmon entering the rivers there is 
a great accumulation of fat within the muscular fibres. This is specially 
well marked immediately under the sarcolemma but it also extends 
throughout the fibre, fat droplets being distributed in rows between the 


fibrils, separating these from one another and thus tending to obscure 
the transverse striation. 


1 Loc. cit. pp. 186, 208 and 215. 
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As the season advances the fat disappears from the fibres, but even 
in fish on the spawning beds small quantities of fat droplets may be 
seen. 

Conclusions. There is here nothing of the nature of a degeneration. 
What occurs is an accumulation of fat outside and within the fibres 
while the fish is feeding, and this fat is simply used up either for the 
construction of the genitalia or as a source of muscular energy. 


These observations have an important bearing on the so-called fatty 
degeneration. 


Changes in the Proteids of the Muscles, Ovaries and Testes. 
By James C. Dun top, M.D., F. R. C. P. Ed. 


Method. The nitrogen in the dry residue after extraction of fats was 
taken as a measure of the proteids. It was estimated by Kjeldahl's 
method. 


From these analyses the average percentage of nitrogen may be 


calculated. 
Female Fish. 
Average percent. of Nitrogen. 
Estuary Upper 
— — / 
Thin Ovaries Thick Thin Ovaries 
May & June 340 304 3°19 338 331 2°97 
July & Aug. 352 308 3:36 332 303 3:78 
Oct. & Nov. 329 328 3°82 281 260 405 
Average amount of Nitrogen per Fish of Standard Length. 
Muscle Ovaries 
Estuary Upper Estuary 
May & June 210 188 4°45 8°16 
July & August 218 185 7:00 16°6 
Oct. & Nov. 209 113 57˙2 86-1 
The nitrogen balance may be made out as follows: 
| Nitrogen Balance. 
A Average 
Date and source of fish wus Loss ovary Gain Surplus 
nitrogen nitrogen for energy 
May to Aug. Estuary 214 5˙7 
July to Aug. Upper 185 29 12˙4 6˙7 22 
May to Aug. Estuary 214 5˙7 
Oct. to Nov. Upper 113 101 86˙⁰0 80°3 20 
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Male Fish’. 
Average percent. of Nitrogen. 
Estuary Upper 
— — 
Thick ‘Thin Testes | Thick Thin ‘Testes 
May & June 3-2 282 3:29 326 301 213 
July & Aug. 3°47 2-72 2-20 347 316 2-04 
Oct. & Nov. 328 295 4-09 278 247 3-43 


Average amount of Nitrogen per Fish of Standard Length. 


Muscle Testes 
— 
Estuary Upper | Estuary Upper 
May & June 174 1868 O51 0-94 
July & Aug. 211 180 103 2°47 
Oct. & Nov. 190 114 10°55 9°23 


Av Average 
Date and source of fish mt Loss testes Gain Surplus 
nitrogen nitrogen for energy 
May to Aug. Estuary 192 0-77 
July & Aug. Upper 180 12 2°47 1-7 10°35 
May to Aug. Estuary 192 0°77 
Oct. & Nov. Upper 114 78 9°23 8°46 69°54 


As in the case of the fats so in the case of the proteids the amount 
lost from the muscle is far more than sufficient to yield the amount 
laid on by the ovaries and testes. 


The Nature of the Proteids of Salmon Muscle. By FRANcis 
D. Boyp, MD., FRO P. Ed. 


Dr Dunlop’s observations leave uninvestigated the nature of the 
proteids of the muscle and the question of which proteids undergo the 
diminution which he has demonstrated to occur. 

A. The Nature of the Proteids. 

Methods. The muscle substance was extracted (a) by Fiirth’s 
method“, (6) with strong salt solution. 

1 The number of male fish examined was insufficient to allow of satisfactory averages 
being struck. 
2 Arch. f. exp. Path. und Pharmac. xvi. p. 822. 
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Results. The proteids were thus divided into 
I. Those soluble in salt solution. 
II. Those not soluble in salt solution. 

i. Proteids soluble in salt solution. 

These give the globulin reactions. Only a trace of albumin was 
found to be present, probably derived from the blood. The globulins 
present are.:— 

(1) Musculin or paramyosinogen. 
(2) Myosinogen. 
(3) Myoglobulin. 

A small amount of a nucleo-proteid was shown to be present by 
Peckelhäring's method. Proteoses and peptones are not present. 

ii. Proteids insoluble in salt solution. 

These are divided into 

I. Those soluble in 1°/, caustic soda solution. 
II. Those not soluble in this solution—collagen, &c. 

i. Proteid soluble in 1°/, caustic soda. When this was precipi- 
tated with acetic acid and digested in artificial gastric juice it yielded 
a small amount of residue containing a distinct trace of phosphorus. 
It thus corresponds to the Myostromin of Karajew. 

The “Curd” of salmon muscle. It was found that the curd, so 
marked in salmon just leaving the sea early in the year, is composed 
of proteids with fats. 

B. The Changes in the Proteids. 


The following table shows the average amount of soluble proteids in 
lower and upper water fish respectively, determined from an analysis of 
seven fish from each situation :— 


Estuary Upper water 
3285 2367 
This gives an average difference of 27 per cent. in the soluble 
proteids between the fish in the estuaries and the fish in the upper 
reaches of the rivers and tends to show that it is the soluble proteids 
which undergo the diminution demonstrated by Dr Dunlop’s results. 
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The part played by Fats and Proteids respectively as 
Sources of the Energy for Muscular Work. By D. Nok. Parton, 
M.D., F. R C. P. Ed. 


The study of the exchanges of fats and proteids elucidates the part 
played by each of these as a source of the energy of muscular work. 

If we subtract from the fats and proteids lost from the muscles 
the amounts going to the ovaries and testes, the residue gives the 
amounts available for the liberation of energy. 

The following tables show the very large amount of energy thus 
available and also show the proportionate parts taken by the fats and 
by the proteids in yielding this energy. 


Female Salmon. 
Fat Balance in Fish of Standard Length. 
Muscle Ovary 
May to Aug. 770 15 
Upper water. July & Aug. 478 46 


Available for liberation of Energy 261 grms. = 1,025,730 kgms. 


Estuary. May to Aug. 770 15 
Upper water. Oct. & Nov. 159 204 


Loss 611 Gain 189 
Available for liberation of Energy 422 grms. = 1,658,460 kgms. 


Balance in Nen of 


Muscle Ovary 
May to Aug. 214 5˙7 
Upper water. July & Aug. 185 124 


Loss 29 Gain 67 

Available for liberation of Energy 22 grms. = 240,000 kgms. 
Estuary. May to Aug. 214 5-7 
Upper water. Oct. & Nov. 113 86-0 
Loss 101 Gain 80°3 

Available for liberation of Energy 20 grms. = 217,000 kgms. 
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Male Salmon. 
Fat Balance in Fish of Standard Length. 
Muscle Testis 
. May to Aug. 756 0-74 
Upper water. July to Aug. 428 2°41 


Loss 328 Gain 1°67 
Available for liberation of Energy 326 grms. = 1,271,400 kgms. 
‘ May to Aug. 756 0:74 
Upper water. Oct. & Nov. 103 6°34 
Loss 653 Gain 5°60 
Available for liberation of Energy 647 grms. = 2,523,300 kgms. 


Nitrogen Balance in Fish of Standard Length. 


Muscle Testis 
, May to Aug. 192 0-77 
Upper water. Oct. & Nov. 180 2°47 


Loss 12 Gain 1-70 

Available for liberation of Energy 10 grms. = 109,000 kgms. 
Estuary. May to Aug. 192 0°77 
Upper water. Oct. & Nov. 114 9°23 
Loss 78 Gain 8-46 

Available for liberation of Energy 70 grms. = 763,000 kgmas. 


Proportion of Fats and Proteids used in liberation of Energy. 


Female Fish. 


To August. 
Energy liberated from Fats 1,025,730 kgms. 


„ Proteids 240,000 „ 


To November. 
Energy liberated from Fats 1,658,460 kgms. 
„ Proteids 217,000 „ 


7˙6. 


1 Since only one male salmon was procured from the upper reaches in October and 
November no satisfactory balance can be struck for these later months. 
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Male Fish. 


Energy liberated from Fats 1,271,400 kgms. 
„ Proteids 109,000 „ 
from, Protéida Bate a 1 11°6. 


The ovaries of female fish contain a much larger amount of fats 
than do the testes of the male; and it is of interest that in the 
female the energy of muscular work is derived to a greater extent 
from proteids than in the male. But even in the early months of the 
year before the ovaries have reached their maximum rate of growth the 
fats decomposed afford more than four times the energy of the proteids 
decomposed. Later in the season the energy afforded by the fats is 
even greater—over seven times as great as the energy afforded by 
the proteids. 

In all probability the relative proportion of fats and proteids decom- 
posed to November gives a fairer idea of the relative part taken by 
each, since in the earlier months the fats of the viscera are being 
used as well as the muscle fats. 

In view of the recent discussion by Pfliiger and others of the part 
played by fats and proteids as the source of muscular energy the 
present observations on a cold-blooded animal, in which the decompo- 
sition of the fats cannot be connected with the evolution of heat, are 
of no little interest. 


The Phosphorus Compounds of Muscle, Ovaries and Testes 
and their Exchanges. By D. NOEL Paton, M.D., F.R.C.P. Ed. 


_ Phosphorus occurs in the animal body mainly in four combinations. 
(1) As inorganic phosphates possibly loosely combined with organic 
matters. 

(2) As lecithin. 

(3) As pseudo-nucleins, 

(4) As true nucleins. 

The study of the development of the ovum in birds, &c. indicates 
that lecithin and pseudo-nucleins are forerunners of the phosphates 
in the bone and the true nucleins in the cells of the feetus. 

In the salmon during its prolonged fast a rapid growth of the 
phosphorus containing ovaries and testes occurs, and hence a most 
suitable means of studying some of the transformations of phosphorus 
is afforded. 
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Methods. The lecithin was generally determined in the usual 
manner in the ether extract used for the determination of the fats. 
In the series of analyses the tissue, preserved in alcohol, was first 
extracted repeatedly with hot alcohol and the alcoholic extract with 
the tissue re-extracted with ether. In this the lecithin was determined. 
The phosphorus in inorganic phosphates was estimated by repeatedly 
extracting the dried tissue after removal of the lecithin with a large 
quantity of 2 per cent. hydrochloric acid. This extract was evaporated 
to dryness, ignited with phosphorus-free potassic hydrate and nitre, 
precipitated with molybdate of ammonia until no further precipitate 
appeared, dissolved in ammonia and reprecipitated with ammonia 
magnesia mixture. 

The phosphorus as nuclein and pseudo-nuclein was determined 
in the residue from the last extraction by igniting and treating in 
the manner just described. 

Results. 


A. Nature of Phosphorus Compounds. 


The following analyses show the nature of these phosphorus com- 
pounds in muscle, ovaries and testes, 


Percent, of Phosphorus. 


Muscle. 
N Inorganic pe — 
as Lecithin as Nuclein 
14 Thick 0:0416 0-131 0-056 
Thin 0-0460 0-094 0-041 
76 Thick 0°060 0-095 0-055 
Thin 0-060 0-119 0-063 
Ovary. 
14 07114. 0-057 0-114 
76 0°150 0°075 0-189 
Testis. 
. 58 0-063 0°068 0°161 
68 0-060 0-040 0-178 


These tables show phosphorus, as lecithin is in comparatively small 
amounts in muscle and testes but abundant in the ovaries, Phosphorus 
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in phosphates is abundant in muscle, less abundant in the ovaries and 
testes; while phosphorus in nucleins or pseudo-nucleins is in small 
amounts in the muscle, more abundant in the ovaries and testes, 

In the ovaries a certain amount of the lecithin is in very close 
combination with a phosphorus and iron containing proteid which has 
all the characters of a pseudo-nuclein. This compound corresponds to 
the icthulin described by Walther in the ova of the carp’. 

The phosphorus compounds of the testes have been (tine fully 
studied by Miescher“. 


Eachanges of Phosphorus. 
Female Fish. 


The phosphorus stored as lecithin in the trunk muscles is in- 
sufficient to yield even the phosphorus of the lecithin of the ovaries. 
The phosphorus in four fish from the estuaries was compared with the 
phosphorus from three fish from the upper waters late in the season. 


Phosphorus as Lecithin per Fish of Standard Length. 


Muscle Ovary 
Estuary fish 1°70 0-109 
Upper water fish 0-93 2°97 


Loss Gain 
The total phosphorus lost from the muscles is only just sufficient to 
yield the total phosphorus laid on by the ovaries. 


Phosphorus not in Lecithin per Fish of Standard Length. 
Estuary fish 178 0°342 
Upper water fish 8°6 772 

Loss Gain 7°478 
Total gain of phosphorus by ovary 10°339 grms. 
Total loss ” ” muscle 9°97 ” 
Male Fish. 


The phosphorus lost from the muscle and gained by the testes in 
male fish was investigated by comparing the amounts in a fish leaving 
the sea in May with the amounts in a fish from the upper waters in 
October. 


1 Since this was written Miescher’s collected papers have been published, Die histo- 
chemischen und physiologischen Arbeiten von Friedrich Miescher, Leipzig, 1897. In 
Article XIII. p. 804, Vol. n. some of the questions here considered are dealt with. 

1 Arch. f. exp. Path. u. Pharm, Bd. 87. 1896. 
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Muscle Testis 
—̃ —U— — — — — 
P. as P. not as Total P. as P. not as Total 
Lecithin Lecithin P. Lecithin Lecithin P. 
Estuary fish 143 1390 15°33 002 029 031 
Upper water fish 1°32 10°27 11°59 103 645 748 
Loss 3:74 Gain 717 


There is thus a loss from the muscles of about 3 grms. of phos- 
phorus more than is required by the testes. It is unfortunate that only 
one male fish was procured from the upper waters in October and 
November and that on this account these numbers rest upon a 
somewhat inadequate basis. Still the surplus of phosphorus is so 
marked that it must indicate that more of that element is lost from 
the muscles than is accumulated in the testis, and the enormous growth 
of the bony snout in the male salmon suggests that this surplus 
phosphorus is used in the construction of this new bone. 

Conclusions. These results indicate that the phosphorus stored in 
the muscles as simple phosphates is transferred to the ovaries and testes 
and there built up into organic combinations. In both glands lecithin 
appears to occupy an important step in this conversion; but while in 
the testes the change to the true nucleins is carried out at once, 
in the ovum an intermediate product the pseudo-nuclein icthulin 
appears to be formed and to undergo change as the embryo develops, 


The Exchange of Iron between Muscle and Ovaries. By 
E. D. W. Grete, M.B. 


The object of this investigation was to determine whether the iron 
of the paranuclein of the ovary increases with the growth of that organ 
and whether the iron, like the fats, proteids, and phosphorus, is derived 
from the muscles. 

Methods. The method described by Stock man! was employed. 

The amount of iron in the muscles, liver and ovaries of two fish 
leaving the sea in May and of two fish from the upper reaches of the 
river in October was analysed. 


Iron per Fish of Standard Length. 


Estuary Fish. 
No. Ovaries Muscle Liver 
20 0-005 0-107 00248 
25 0-0059 0°109 
Average 0°0054 0-108 0°0248 


1 This Journal, xvmt. p. 485. 1895. 
PH. XXII. 24 


* ‘ J * 
: 
— 
+ 
9 
* 
I. 
2 
— 


356 * D. N. PATON. 


it Upper water fish. 
0-0631 0-081 002489 


69 0.0506 0.0726 

| | Average 0-0568 0-0763 0-02489 
i The loss of iron from the muscle is thus 0°0317 grm. 
1 The gain of iron by the ovary is 00514 grm. 


Hence a considerable proportion—in this observation 00197 grm. or 
1 32 "/o—ot the iron gained by the ovaries is not derived from the muscle. 
| That it is not derived from the liver is shown by the fact that there is 
H no diminution in the iron of that organ. 

The iron of the ovaries must thus be gained from some other source, 
and in all probability this source is the hemoglobin of the blood. 


i The Pigments of the Muscle and Ovaries. By M. I. NEW- 
ii BIGIN, B.Sc. 


The colour of the salmon flesh is due to two pigments of the nature 
of lipochromes, one being the widely distributed yellow pigment lutein 
| and the other a bright red pigment closely resembling that occurring in 
the Crustacea. 
. In the ovaries the same pigments are found. As the season 
advances the red pigment disappears from the muscle and accumulates 
; in the ovaries, 
H While the yellow pigment, so widely distributed in the animal 
| . kingdom, is most probably derived from the herring etc. on which the 
salmon feeds, the red pigment is probably formed in the fish, possibly 
from the yellow. One purpose which it seems to serve is to colour the 
shed ova and thus to assist in concealing them. 
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ON THE ORIGIN, COURSE AND CELL-CONNECTIONS 

OF THE VISCERO-MOTOR NERVES OF THE 
SMALL INTESTINE. By J. L. BUNCH, M. D., BSc. 
(Seventeen Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


CONTENTS. 


Historical. 
Method. 
Normal movements and effect of drugs. 
Influence of various nerves—vagi. 
splanchnics. 
mesenteric nerves. 
The nerve-outflow to the intestine from the spinal cord. 
Influence of nerves upon the stomach. 
The nerve-cell connections of the intestinal viscero-motor nerves. 


Historical. 


Splanchnic. The influence of the splanchnic on the intestine was 
investigated by Johannes Müller! as long ago as 1837 ; he found that 
stimulation of the splanchnic or of the coeliac ganglion caused contraction 
of the intestine, and that this result was still obtained after section of 
the vagi. Volkmann“ in 1845 showed that excitation of the splanchnic 
major in a cat caused contraction of the stomach, Ludwig* in 1853 
found that excitation of the splanchnic caused inhibition of the intestinal 
movements, while section of the splanchnic caused no alteration in the 
normal rhythm of the intestine. 

Pflüger“ in a series of experiments between 1855 and 1857 proved 
that excitation of the dorsal cord inhibited the intestinal movements, 
but that this inhibition was no longer obtained after section of the 


Handbuch d. Phys. des Menschen, 1. 1837. 

2 Milller’s Archiv, 1845. 

3 Lehrbuch d. Phys. des Menschen, 1. p. 179. 

* Ueber das Hemmungs-Nervensystem f. d. peristaltischen Bewegungen d. Geddrme, 
1855, 
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splanchnics. Stimulation of the peripheral end of the divided splanchnic 
again caused inhibition, and this inhibition was accompanied by 
relaxation of the intestine. Comparing this result with that obtained 
by inhibitory nerves on the heart, he formulated a theory of inhibition, 
whether cardiac or intestinal, which assumed that inhibitory nerves 
transform the activity of motor ganglia and suppress it momentarily. 

Schiff“ was the first to oppose Pflüger, for though he admitted the 
inhibitory action of the splanchnic, he denied that the explanation of 
its action was correct. The splanchnic, he said, was a motor nerve, and 
on weak excitation caused movements of the intestine. This was a 
physiological excitation, but when the nerve was exhausted by too strong 
a stimulus, its activity was diminished and the pre-existing movements 
ceased. 

Another interpretation of Pfltiger’s results, and one which could be 
reconciled with those of Ludwig and Haffter* (1853) and of Ludwig 
and Kupfer“ (1857), was enunciated by Nasse (1866), who held that 
the splanchnic contained both motor and inhibitory fibres. During life 
the inhibitory fibres are predominant, and on stimulation only inhibition 
is seen; after death, the excitability of the inhibitory fibres disappears 
sooner than that of the antagonistic fibres, and stimulation causes 
movement. The first of these conclusions was generally admitted, but 
considerable opposition was raised by the second. Ludwig and Kupfer 
had already stated their opinion that the splanchnic contained both 
motor and inhibitory fibres, and demonstrated the former action in the 
cat, the latter both in the cat and rabbit. 

Biffi® refused to accept Pfltiger’s results, although supported by 
Hein“ and by Spiegel berg’ in his researches on the innervation of the 
uterus, Biffi found that neither stimulation of the peripheral end of 
the splanchnics nor of the dorsal cord caused any inhibition of the 
intestinal movements. His opinion was for some time supported by 
Brown-Séquard’, who, however, finally declared unn convinced of 
the accuracy of Pfliiger’s results. 

Mayer and von Basch’ in 1870, and later v. Basch" alone, ac- 
cepted the inhibitory action of the splanchnic, but stated that this was 
dependent on the vaso-constrictor fibres contained in the splanchnic, 


Die Physiologie des Menschen. 2 Sitzungsb d. Wiener Akad. 1857, xxv 
3 Zeitechr. f. rat. Med. 1857. * Beitriige z. Phys. d. Darmbewegung. 
5 Ann. univ. di med. 1857. ® Arch. f. phys. Heilk. 1857. 

? Arch. f. rat, Med. u. 1857. Journ. de la Phys. 1858, p. 421. 


® Wiener Med. Jahrb. 1871. 10 Wiener Med. Jahrb. 1878. 
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since excitation of this nerve caused constriction of the intestinal vessels 
at the same time as inhibition of the movements, This view was 
opposed by van Braam Houckgeest? (1874) on the ground that injury 
to the vaso-motor fibres of the intestine did not affect the inhibitory 
action of the splanchnic. 

Ehrmann’ (1885) enunciated a new theory, viz., that the circular 
and longitudinal coats of the intestine were innervated in such a manner 
that stimulation of the splanchnic caused contraction of the longitudinal 
coat, but at the same time lengthening of the circular fibres. He 
concluded therefore that the splanchnic was a motor nerve for the 
longitudinal, but inhibitory for the circular coat. 

Bechterew and Mislawski* (1889) obtained both motor and 
inhibitory effects on the intestine by excitation of the splanchnic, 
though inhibition was the more marked. They also showed that fibres 
for the small intestine pass out in the 6th to the 13th dorsal roots and 
in the Ist lumbar, while for the large intestine they pass out in the 
remaining lumbar and first three sacral roots. 

Jacobj‘* (1891) was led to believe that the suprarenals send 
inhibitory fibres to the intestine, and that if intestinal movements are 
first produced by vagus stimulation, excitation of the suprarenals stops 
them. This result was said not to be due to spreading of the current to 
the splanchnics. 

Steinach® (1893) carried out a series of experiments on frogs to 
determine the nerve outflow to the intestine from the spina! cord. 
Stimulation of the peripheral ends of certain posterior roots caused 
contraction of the small intestine. These posterior roots were the 4th, 
5th and 6th. The anterior roots he found to have no effect on the 
small intestine. The posterior roots also produce effects on the 
vaso-motor nerves of the intestine, as Stricker, and also Morat, found 
in warm-blooded animals. 

Pohl' (1894) performed some experiments on rabbits, and found 
that the rhythm of the intestinal movements was not influenced by 


1 Pfliiger’s Archiv, v1. 

2 « Ueber die Innervation des Dünndarms.“ Wiener Med. Jahresbericht, 1885. 

3 „Ueber centrale u. periphere Darminnervation.” Arch. f. Phys. 1889. 

Arch. f. exp. Pathol, 

5 “Ueber die motorische Innervation des Darmtractus durch die hinteren Spinal- 
wurzeln.“ Lotos, 1898, Sep.-Abdr. 

% Ueber Darmbewegungen u. ihre Beeinflussung durch Gifte. Arch. f. exp. Pathol. 
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stimulation of the splanchnic, but that stimulation of the mesenteric 
nerves caused inhibition of the rhythm. ö 

Courtade and Guyon (1897) found that, in a curarised dog 
stimulation of the undivided splanchnic in the thorax produced con- 
traction of the circular and inhibition of the longitudinal coat of the 
intestine. Excitation of the peripheral end of the divided splanchnic 
gives the same result, as also does excitation of the central end of the 
divided nerve—reflexly. This cannot be explained by assuming it to 
be a vaso-motor effect, for though this might account for the inhibition 
of the longitudinal, it could not explain the contraction of the circular 
coat; and, moreover, excitation of both the central and peripheral ends 
of the splanchnic gives the same result, whereas, in the case of vaso- 
motor nerves, stimulation of the central end causes vaso-dilatation, 
stimulation of the peripheral end vaso-constriction of the intestinal area. 
These results of Courtade and Guyon are in direct opposition to those 
of Ehrmann, who holds that the splanchnic is a motor nerve for the 
longitudinal instead of for the circular fibres, and inhibitory for the 
circular instead of for the longitudinal fibres, as the latter observers 
maintain. Courtade and Guyon find, however, that when traction 
has been made on the mesentery, or after the animal’s death, they 
obtain the result which has been considered by Ehrmann to be 
normally present—contraction of the longitudinal and inhibition of the 
circular coat—on stimulating the splanchnic. When this result is 
obtained it may be followed by the contrary effect, thus showing that 
the splanchnic contains both motor and inhibitory fibres. 

Vagus. Remak“ (1858) found that stimulation of the vagus caused 
movements of the stomach and large intestine. A similar result was 
also obtained by E. Weber“. Pfluger“ (1855), however, saw sometimes 
an increase, sometimes a diminution of the intestinal movements on 
vagus stimulation, Pincus (1856)“ and also Panum“ found that 
intestinal movements continued after section of both vagi. Budge’ 
(1869) showed that in the rabbit contraction of the stomach, intestine 
and cecum was produced by stimulation of the vagi. If the vagi were 
cut, excitation of the medulla oblongata no longer caused contraction of 
the intestine, as was the case when they were intact. Nasse“ (1866) also 


1 Arch. de Phys, April, 1897. 2 Milller’s Archiv, 1858. 

3 Wagner’s Handwörterbuch der Physiologie. * loc, cit. 

o «Exper. de vi nervi vagi et symp.” Diss. Vratisl. 1856. 

® Schmidt's Jahrbuch, 1856. Lehrbuch der spec. Phys. 1869. 
loc. eit. 
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found that stimulation of the vagus affects the whole intestinal canal, 
though in dogs of five weeks old it has no effect. 

Mayer and v. Basch! (1871) found that vagus excitation caused 
sometimes increased contraction, sometimes not—increase occurring if 
the blood in the intestine was venous, and a short time before or after 
death. They quote some results obtained by Legros and Onimus, 
showing that in dogs excitation of the vagus has no effect on the 
intestine, though contraction results if artificial respiration be stopped 
during stimulation and asphyxia allowed to supervene. 

Sanders“ (1871) found that the intestinal contractions, which are 
set up in an asphyxiated animal, cease on section of the vagi. But 
stimulation of the peripheral end of the vagus still causes contraction. 
Van Braam Houckgeest’ (1874) showed that excitation of the vagus 
causes intestinal contraction, especially after section of the splanchnics, 
while Ludwig and Kupffer found that simultaneous excitation of the 
splanchnic prevented the vagus effect being seen. 

Paschkis“ (1883) obtained contraction of the intestine on vagus 

stimulation, as determined by direct observation. It having been 
suggested that the intestinal contractions were due to inhibitory 
action of the vagus on the heart, a kymograph was employed at the 
same time, and it was found that stimuli strong enough to cause only 
a slowing of the cardiac contraction, and not a definite stoppage, still 
produced contraction of the intestine. Compression of the thoracic 
aorta also caused no intestinal contraction. Stimulation of the vagus 
in the thorax was not employed. 

Ehrmann’ (1885) found that stimulation of the undivided vagus 
caused lengthening of a segment of intestine, with a long latent period 
and a long after-effect, but also at the same time shortening of the 
circular fibres with a short latent period. 

Pal and Berggrün“ (1888) found that excitation of the peripheral 
end of the vagus frequently caused intestinal contractions, but that if 
the cervical cord be first divided, this always occurs, and they argued 
that there was a spinal inhibitory centre for vagus action. 

Bechterew and Mislawsksi’ (1889) thought that the vagus con- 
tained both motor and inhibitory fibres for the intestine, but that the 
former predominated. : 


1 Wiener med. Jahrb. 

2 Centralblatt f. d. med. Wissensch. 1871. 3 Pfiiiger’s Archiv, vt. 
Med. Jahrb. d. Ges. d. Aerzte in Wien, 1883. 5 Ibid. 1885. 
bid. 1888. ? Arch. f. Phys. 1889. 
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Jacobj' (1891) considered the vagus to be a motor nerve for the 
intestine, but he thought that one vagus acted more powerfully on the 
stomach, the other on the intestine. Which vagus it was that produced 
the greatest effect on the intestine varied in different cases. 

Morat“ (1893) made use of his method of ‘ampoules conjuguées’ 
to prove that the vagus was an ‘augmentor’ nerve for the stomach. 

Pohl* (1894) states that vagus excitation does not affect the 
rhythm of intestinal movements. The protocol of one experiment 
only is given, but in it stimulation of the vagus at the cardia with 
the coil at 13cm. causes stronger contractions and a quickening of 
the rhythm, at one time from 13 to 15, at another from 13 to 18 per 
minute. 

Courtade and Guyon' (1897) state that stimulation of neither 
vagus has ever in their bands given contraction of the circular coat of 
the intestine. 

Method. 


The method adopted in this investigation was one suggested by 
Professor Schafer, which enables the movements of the intestine to 
be recorded without exposing it to changes of temperature, and allows 
the intestine to remain.in the abdominal cavity, under conditions as 
little as possible abnormal. All interference with nervous and vascular 
supply is avoided. The intestinal movements are recorded on a smoked 
revolving drum by a sensitive piston-recorder, or a tambour, connected 
with a tube which is inserted into a short length of gut, isolated from 
the rest of the intestine by ligatures. These are so applied that the 
nervous and vascular supply are not interfered with. A little warm 
oil or salt solution just sufficient to keep the gut uncollapsed is put 
into the tube. The various experiments have included portions of the 
small intestine from the pylorus to the ileo-ccecal valve. 


Normal movements and effect of drugs. 


The normal movements of the small intestine have been not inaptly 
described as ‘Pendel-bewegungen,’ since the total effect of the contrac- 
tion of the muscular coats, acting upon the intestine as it hangs free 
in the abdominal cavity, imparts to it a to and fro movement. This 


1 Arch. f. exp. Pat hol. xx1x. pp. 171—211. 


1 Arch. de Phys. 1893, pp. 142—153. | Arch. f. exp. Pathol. 1894. 
* Arch. de Phys. 1897. 
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movement is chiefly due to the projection forward of the coil of intestine 
by the contents entering it from above, and its subsequent retraction 
after it has itself contracted on these contents and again become empty. 
These normal movements vary both in extent and in duration, not only 
in different animals, but also in the same animal under different 
conditions. The variations in extent are much greater than the 
variations in rhythm, which is often fairly constant, and when the 
intestine is contracting normally, alternate contraction and dilatation 
recurs at intervals of five seconds. The waves vary from being 
almost imperceptible to large and prolonged curves. Morphia has 
no appreciable effect upon the movements when given in small 
doses, though v. Vamossy' has shown that in doses of 40 mg. 
intravenously it has an inhibitory action, and when injected directly 
into the intestine it has a direct peripheral effect. This differs 
from Nothnagel’s* view that morphia in small doses increases 
the tonic splanchnic inhibition of the intestine, but in larger doses 
prevents this inhibition—a view which is supported also by Pal and 
Berggriin® from experiments of their own. Binz, Filehne and 
others think that morphia first affects the nerve terminations, and 
later the ganglia in connection with the intestine; while Spitzer‘ 


Fig. 1. Dog, 64k. Effect on intestine of injection of 2 milligrammes 
of nicotine intravenously. 


1 Deutsch. med. Wochenschr. 29. 1 Virchow’s Archiv, 88. 
Arbeiten a. d. Inst. f. allg. u. exp. Pathol. in Wien, 1890. 
Virchow’s Archiv, 128. 
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modified Nothnagel’s theory, and ascribed the action of morphia to 
stimulation of an inhibitory centre, and at the same time diminution 
of sensibility to local stimulation. Pohl' found that in the rabbit 
doses even of 80 milligrammes of morphia did not affect the normal 
reflex excitability of the intestine, nor did they paralyse the splanchnic. 
In dogs and cats we have not experimented with doses larger than 
from 15 to 20 milligrammes. Small doses of curari injected intra- 


Fig. 2. Cat, 834k. Diastolic tone of intestine after intravenous injection 
of 4 mg. nicotine. | 


1 Arch, J. exp. Pathol. 84. 
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venously have not been found to produce any effect upon the rhythm 
of the intestine. Nicotine has the most marked action of any drug 
with which we have experimented; even in very minute doses it 
profoundly affects the intestinal tone, causing in some animals systolic 
tone, though the rhythmic intestinal movements may continue at the 
same rate as before (Fig. 1). In other animals equally marked diastolic 
tone is produced (Fig. 2), the result obtained always coinciding with 
that seen on stimulation of the splanchnic. Fig. 3 shows the diastolic 


Fig. 3. Dog, in which intravenous injection of 1 mg. nicotine and stimulation of the 
left splanchnic respectively produced diastolic tone of the intestine, the 
rhythmic beats being diminished on splanchnic excitation, but abolished by 
the nicotine. 


tone produced in a dog both by stimulation of the splanchnic and by 
injection of nicotine. The former causes a diminution of the rhythinic 
beats, while the dose of nicotine abolishes them entirely. 

The effect of nicotine is of interest as showing that the intestinal 
tone is not dependent on the blood-pressure, for in all cases nicotine 
causes a rise of blood-pressure, but it may cause either systolic tone 
or diastolic tone of the intestine. This is also seen in the case of 
splanchnic stimulation, for excitation of the splanchnic may cause at 
one time systolic tone, at another time diastolic tone of the intestine, 
but always rise of blood-pressure. In Fig. 17, excitation of the 
spinal cord causes first systolic tone of the intestine accompanied by 
rise of pressure, but this is succeeded by very marked diastolic tone 
without a corresponding fall of blood-pressure. These results are in 
accordance with the views previously mentioned of van Braam- 
Houckgeest and of Courtade and Guyon. 

Suprarenal extract freshly prepared has been injected intravenously 
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in a few animals, and has always been found to produce systolic tone in 
dogs, Fig. 4 shows the effect on the intestine and on the kidney volume 


Fig. 4. Dog. Effect on kidney volume (upper tracing), blood pressure, and 
7 intestine (lower tracing), of intravenous injection of suprarenal extract. 
of injecting 22 mg. of suprarenal extract intravenously, as determined 


by placing the kidney in a plethysmograph, such as that employed by 
Schafer and Moore for the spleen“. 


Influence of various nerves. 


When the small intestine is removed from the body, and its 
connection with the central nervous system therefore abolished, 
movements of an apparently spontaneous nature may be observ 
or if not apparent may be excited by direct stimulation. The 


1 This Journal, xx. p. 1. 1896. 
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movements may be modified within the body by stimulation both 
of the central nervous system and of peripheral nerves. Inasmuch 
as the vagus is usually described as the principal motor—or, preferably, 
augmentor—nerve, particular attention has been paid to its action. It 
has, as a rule, been stated, that stimulation of the peripheral end of 
the cut vagus causes contraction of the intestine and increase of the 
rhythmic movements, but quite recently Courtade and Guyon' have 
denied that the vagus has any action on the circular coat of the 
intestine. In our experiments neither stimulation of the central nor 
of the peripheral end of the cut vagus has had any effect upon the 
intestinal movements. The vagi have been stimulated on both sides, 
in the neck and in the thorax, with currents of different strengths and 
: with different rates of repetition of the stimulus. When the cervical 

vagus was stimulated, minute doses of atropine were as a rule given, so 
as to eliminate as far as possible the action of the vagus on the heart, 
and even when the thoracic vagus was stimulated, atropine was also in 
: some cases given. All our experiments show that such doses have no 

effect upon either the intestinal rhythm or upon the nerves which pass 
to the intestine. In each case the nerve was divided, and both central 
| and peripheral ends stimulated, but in 24 out of 25 animals experi- 


Fig. 5. Dog. Stimulation of central end of cut intrathoracic vagus with strong current. 


1 Ye. cit. 
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mented on, which included dogs, cats and rabbits, the stimulation did 
not cause any contraction of the intestine or any increase of the normal 
rhythmic movements. Fig. 5 illustrates this. Having regard to the 
possibility of the intestine being influenced by the anesthetic used, 
this was varied in several different ways, but without altering the 
result. The action of the vagi was in every case confined entirely to 
the stomach. 

In one case only (dog) there occurred a diminution in the extent of 
the movements accompanied by a strong diastolic tone (Fig. 6). It is 


rie. 6. Dog, in which stimulation of the peripheral end of the thoracic vagus gave an 
exceptional effect, This consists of inhibition and diastolic tone beyond the 
power of the tambour to record, Vagus shown to terminate chiefly in solar 
plexus. 


possible that this effect was produced by a pull exerted upon the 
small intestine by the contraction of the stomach, but this did not 
seem to us to be the case. It was found on post-mortem dissection 
that in this case the vagi were distributed mainly to the celiac 
plexus, and that but a small proportion of the nerves passed to the 
stomach. 

The splanchnic has usually been regarded as an inhibitory nerve for 
the intestine, and it is true that it contains inhibitory fibres, more 
especially in the cat. In this animal, excitation of either splanchnic 
has always caused diastolic tone of the intestine, with a tendency to 
diminution in the extent of the normal rhythmic contractions, which 
may quite disappear during the excitation (Fig. 7). N 
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In the dog, however, excitation of the splanchnic almost always 
causes systolic tone of the intestine, The normal rhythmic con- 


Fig. 7. Effect upon intestine of stimulation of left splanchnic, coil at 5. 


tractions are usually continued during the excitation, and are seen as 
small superposed waves upon the tracing (Fig. 8). In some cases, 


Fig. 8. Dog. Excitation of splanchnic, coil at 5. 


however, no such superposed waves are seen, and the tracing shows 
merely a single tonic contraction of greater or less range (Fig. 9). 
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The effect is usually followed by diastolic tone, and occasionally diastolic 
tone may for a short time actually precede as a first effect a more lasting 


Fig. 9. Dog. Stimulation of splanchnic, coil at 5. 


condition of systolic tone. In a few dogs experimented on the effect 
produced was similar to that in the cat. Fig. 10 shows this well, the 
beats being greatly diminished in extent and the intestine passing into 
a condition of diastole, though the blood-pressure continues raised. 
: In Fig. 11 there are two effects shown, viz., a systolic tone during 
| the excitation and a diastolic effect succeeding it. We have made 


Fig. 11. Dog. Stimulation of splanchnic, coil at 5. aa : 
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several attempts, by stimulating the splanchnic in the thorax at 
extremely slow rates and with very different strengths of current, to 


Fig. 10. Dog. Stimulation of spiisshisie diastolic tone. 


determine whether we could in the dog produce at will a systolic or 
diastolic effect. Such attempts have not been successful, as is shown 
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in Fig. 12, when excitation even at the rate of 1 per second still caused 
systolic tone. We are therefore led to believe that the final result of 


Fig. 12. Dog. Stimulation of splanchnic at rates of 4 per second and 
1 per second respectively. 


excitation depends upon the relative proportion of the different fibres 
contained in the nerve, rather than upon the method of excitation of 
the nerve. No difference has been observed between the results 
obtained from stimulation of the right and left splanchnic respectively. 


In the rabbit, the effect of splanchnic stimulation was found to be the 


same as in the cat. 

In stimulating the peripheral end of the cut greater splanchnic, it 
must be remembered.that it receives a branch from the lesser splanchnic, 
and that unless this is divided the result may be complicated by reflex 
effects. It is possible that this has been overlooked in many of the 
results previously published. 


In one experiment (dog) where the semilunar ganglion was exposed 


and directly stimulated, the same effect was obtained as on stimulation 
of the splanchnic within the thorax. 

Excitation of the nerves accompanying the mesenteric arteries gives 
an effect similar to that obtained on stimulation of the splanchnic in 
the same animal. 
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On the nerve outflow to the intestine from the spinal cord. 


The effects on the intestine of stimulating the anterior nerve-roots 
have been investigated both in dogs and cats. The animals were 
antesthetised, and a minimal dose of curare given, artificial respiration 
being employed during the whole of the experiment. The animal was 
placed upon a tin of hot water, and warm air was pumped into its lungs. 
An incision was made some six inches long over the spines which 
were to be removed, and the incision carried through the skin and 
subcutaneous tissue down to the spines. The vertebral aponeurosis was 
then cut through on each side of the spines, the erector spine exposed 
and separated from the bone, attention being paid to the prevention of 
hemorrhage as far as possible. The dorsal branches of the intercostal 
arteries were tied, and the hemorrhage from smaller vessels stopped 
with sponges and hot lotion. The spines and neural arches were then 
rapidly removed with bone forceps, care being taken not to injure the 
cord in any way. The nerve-roots being exposed as they passed outwards 
to the intervertebral foramina were tied with threads of different colours, 
and divided centrally to the ligature. These nerve-roots were stimulated 
from above down with a faradic current. The results obtained were 
similar to those obtained on excitation of the splanchnic, i. e. in the 
dog, systolic tone, and in the cat, diastolic tone with diminution of the 
normal rhythmic contractions. In no case have we obtained effects on 
stimulating nerve-roots higher than the 6th thoracic. In one case 
only (dog) there appeared to be a slight effect on stimulating 
as low as the 5th lumbar’ (fig. 15), but the sharpest and most 
extensive effect was obtained on stimulation of the 8th thoracic to 
the Ist lumbar, and the effect was about equally marked with the 
roots of the two sides. Figs. 13 and 14 are from a dog, and show 
the marked systolic tone which was obtained on stimulation of the 
14th post-cervical and 10th post-cervical roots respectively, the first 
on the right side, the second on the left. Fig. 16 is from a dog, and 
shows an exceptional effect on stimulation of the 9th post-cervical 
nerve-root. The first effect is the normal systolic tone, but this is 
succeeded by strongly marked diastolic tone, the full extent of which 
the piston-recorder was incapable of registering. 


1 The 5th lumbar-root was found by Langley (This Journal, xu. Proc. Physiol. Soc.) 
and by Langley and Anderson (This Journal, wn.) to be the lower limit of the 
thoracic-lumbar outflow of fibres to the large intestine of the rabbit. 
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Fig. 13. Dog. Stimulation of 14th right post-cervical nerve-root, coil at 5 


: 


Fig. 14. Dog. Excitation of 10th left post-cervical nerve-root, coil at 5 


Fig. 15. Dog. Stimulation of 18th left post-cervical nerve root. 
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Stimulation of the cut spinal cord between these roots was con- 
trasted with the effects obtained on stimulation of the splanchnic, by 
arranging the apparatus so that the same current could be switched 
on to one or other alternately. Needle electrodes were inserted, one 
into the upper, and one into the lower extremity of the divided segment 


\ 


Fig. 16. Dog. Stimulation Of 9th post-cervies: root. ‘The full extent of the 
diastolic tone could not be recorded by the tambour. 


of spinal cord, and a current could thus be sent through the entire 
segment. It was then found that, both in the dog and cat, the same 
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effect was obtained on stimulation of the spinal cord as on excitation 
of the splanchnic. Fig. 22, taken from a dog, is an illustration of 


Fig. 17. Dog. Effect of stimulating the segment of spinal cord between the 7th and 
12th post-cervical vertebre. The marked after-effect seen in the case of the 
intestine is not aecompanied by any corresponding alteration in blood-pressure. 


this, the after-effect being however less marked in the cause of the 
splanchnic. 


On the nerve-cell connections of the intestinal viscero-motor fibres. 


By means of intravenous injection of nicotine it has been sought to 
determine the situation of the nerve-cell connections of the fibres which 
pass from the spinal nerve-roots to the intestine. These experiments 
have been carried out in dogs and cats. The animal was anssthetised 
and curarised, and the movements of the intestine recorded by the 
method previously described. In the earlier experiments a laminectomy 
was performed, the cord exposed, and some nerve-roots (right side) 
which were known on excitation to produce an effect upon the intestine 
ligatured and divided close to the cord. The segment of spinal cord 
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exposed was then removed. The left splanchnic was exposed in the 
thorax, ligatured and divided. The nerves accompanying the mesenteric 
artery to the segment of intestine under observation were isolated and 
placed upon paraffin-guarded electrodes and returned to the abdomen. 
In some cases a blood-pressure tracing was taken at the same time. 
The effects upon the blood-pressure and the intestine of stimulating 
severally the nerve-root, splanchnic and mesenteric nerves were recorded. 
Small doses of nicotine were then injected intravenously, beginning 
with one milligramme, the above effects being again recorded after each 
injection. Successive doses of nicotine were subsequently injected. In 
the later experiments this method was modified in the following way. 
A small area of cord was exposed in the lower dorsal region and cut 
through above and below. One guarded needle-electrode was placed in 
the upper end of the severed portion, and another in the lower end; so 
that a strong faradic current could be sent through the entire segment 
of the cord. The left splanchnic was exposed as before, and nicotine 
injected in successive small doses. The contraction resulting from 
stimulation of the nerve-root or of the spinal cord gradually diminished 
after each successive injection of nicotine, as did also that obtained on 
stimulation of the splanchnic, until finally such excitation no longer 
produced any effect upon the intestine. Stimulation of the mesenteric 
nerves still caused marked systolic tone of the intestine. The diminu- 
tion produced by successive small doses of nicotine affected equally the 
results obtained by stimulation of the splanchnic and spinal cord, until 
these effects disappeared simultaneously, The effect on the blood- 
pressure produced by this excitation in some cases survived after all 
effect on the intestine had disappeared, and there is reason to think 
that the intestinal viscero-motor fibres are more susceptible to the 
action of nicotine than are the vaso-motor fibres. The amount of 
nicotine required to abolish the effect on the intestine was in all cases 
small, and seldom exceeded 8 milligrammes in dogs of 5 to 10 kilos. 
The nicotine was freshly prepared and was supplied by Martindale. 
The conclusion therefore is that there is no cell-station in the course of 
the nerves between the spinal cord and the nerve-cells of the solar 
plexus. This is in accordance with the general principle laid down by 
Langley’, that there is only one cell station interpolated in the course 
of the fibres passing to the viscera from the spinal cord, and that this is 
peripheral to the ganglia of the chain of the sympathetic, and contrary 


! 4 short account of the sympathetic system, 1895. See also this Journal, xx. 1896. 
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to the results obtained by Schafer and Moore in the case of the spleen 
nerves. We are not yet in a position to elucidate the cause of this 
difference. Our effects were obtained with far smaller doses of nicotine 
than those employed by Langley. 


CONCLUSIONS. 


1. The small intestine of the dog, cat, and rabbit shows normally 
a regular rhythm of contraction and dilatation—systole and diastole— 
of variable rate and extent in different animals, but averaging in the 
dog about 12 per minute. 

2. Besides, or independently of, these regular rhythmic contractions, 
the small intestine may exhibit a condition of either generally increased 
contraction (systolic tone), or generally diminished contraction (diastolic 
tone). 

3. Small doses of morphia (up to 2 milligrammes per kilo body- 
weight) produce no appreciable effect upon the rhythm of the small 
intestine. The same is true for atropine. 

4. Nicotine, even in very minute doses, causes in some animals 
(e.g. most dogs) systolic tone; in other animals (some dogs and all cats) 
diastolic tone, without necessarily abolishing the rhythmic movements. 
By larger doses these are temporarily abolished. 

5. Stimulation of the peripheral end of the cut cervical vagus— 
after administration of atropine in doses sufficient to prevent cardiac 
inhibition—, or of the thoracic vagus, usually produces no effect upon 
the small intestine. In one experiment only out of 25 was there an 
effect produced, and this was strong diastolic tone with diminution of 
the rate of rhythm. 

6. Stimulation of the peripheral end of the cut splanchnic of either 
side usually produces in dogs systolic tone, rarely diastolic tone; in cats 
the effect of stimulation is usually to cause diastolic tone. There is 
a tendency to a limitation of the excursion of the normal rhythmic 
movements during the excitation of the splanchnic, amounting some- 
times to disappearance, but not necessarily accompanied by slowing of 
the rhythm, indeed, with the systolic tone there seems a tendency to 
increased rate of rhythm. An after-effect of increased extent of 
excursion together with either diastolic or systolic tone is usually 
observed. 


1 This Journal, xx. 1896. 
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7. The splanchnics probably contain in all animals two sets of 
_ nerve-fibres, the one set tending to produce increased contraction of 
the intestine (ie. diminution of its calibre), the other set diminished 
contraction. Effects may also be produced upon the rhythmic move- 
ments (diminution in extent and quickening or slowing), but whether 
by the same or by different fibres from those affecting the tone cannot 
be stated. 

8. The nerve-fibres pass to the splanchnic from the anterior roots 
of from the 6th thoracic to the 2nd, 3rd, 4th or 5th lumbar nerves, but 
the lower limit of the outflow has not been precisely determined. 
Stimulation of these roots produces the same effects as stimulation of 
the splanchnics. 

9. The nerve-fibres which pass to the small intestine by the 
splanchnics have one cell-station in the ganglia of the solar plexus, 
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AN INTESTINAL PLETHYSMOGRAPH. By ARTHUR. 
EDMUNDS, B.Sc. (Lond.). (Three Figures in Text.) 


(From the Physiological Laboratory, King’s College, London.) 


In the course of the investigations by Drs Halliburton and Mott 
into the physiological action of choline and allied products of the 
disintegration of nervous tissues, it was considered advisable to study 
the vasomotor changes taking place in the intestinal area, and I there- 
fore devised an apparatus, by means of which this could be effected. 

A few experiments on intestinal plethysmography were made by 
Bayliss’; his method consisted in taking a thistle funnel covered 
at its wide end with a flexible membrane and filled with warm oil. 
The stem of the funnel was then connected with a recording apparatus 
and the funnel carefully lowered, by means of a rack and pinion, on to 
the surface of a loop of intestine supported on a glass slide. 

A more extended series of observations, on the vasomotor changes 
taking place in the intestine, has been recently made by Hallion and 
Francois Franck* Their method is to isolate a piece of intestine 
by dividing it between double ligatures and then to draw the loop 
of intestine, which is still connected by its mesentery, through a 
tubulure in the bottom of a glass vessel shaped like an inverted bell 
jar. A wide flexible piece of rubber tubing several centimeters in 
length is fixed to the neck of the tubulure and encircles the mesentery, 
around which is wrapped a pad of the animal’s own omentum. The 
glass vessel is then partially filled with tepid salt solution and its wide 
end closed by a large rubber cork, through which a thermometer is 
passed. Passing also through this cork, but not reaching the surface 
of the liquid, is a tube connected with a Marey’s tambour, by means 
of which the movements of the intestine are recorded. 

The apparatus which I have devised has the advantage over either 


a Bayliss. This Journal, xxv. p. 808. 1898. 


2 Hallion and Francois Franck. Archives de Physiologie, (5) vin. 2, pp. 478 and 
493. 1896. 
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of these methods of being very much simpler, while it is possible to 
obtain with it equally, if not more, satisfactory results. It has been 
shown by Schafer and Moore’ that air is far preferable to salt 
solution or oil as an oncometric medium and therefore air is the 
medium employed in the present apparatus. In its simpler form this 
consists of a hemispherical basin four inches in diameter and about two 
inches deep, to the margin of which is fixed a flattened rim about three- 
quarters of an inch wide. At the bottom of this basin is an elliptical 
opening about one inch long by half an inch wide, which leads into a 
projecting tubular portion about an inch long; near the rim, a glass 
tube is inserted for the purpose of connecting the oncometer with the 
recording apparatus. This is an ordinary Marey’s tambour and the 
connection is best made by means of a piece of rubber pressure tubing; 
a side tube is interposed to allow of the pressure being equalised on 
both sides of the tambour membrane; during the progress of an 
experiment this is kept closed by a clip. 

To apply the instrument, an incision about an inch and a half long 
is made in the linea alba, preferably below the umbilicus, as this 
prevents ejection of viscera during violent contraction of the abdominal 
muscles. The apparatus is then supported in a retort ring over the 
abdomen of the animal and the intestine drawn through the elliptical 
opening into the basin. When as much of the small intestine as 
possible has been drawn through the opening, the ends are cut between 
ligatures and the attached ends returned to the abdomen, thus leaving 
within the basin a long loop, consisting of practically the whole of 
the small intestine, attached merely by peritoneum and its enclosed 
structures. The space around this pedicle is then carefully packed 
with cotton-wool soaked in vaseline and finally with vaseline itself, 
the top of the vessel being closed finally by a glass plate luted on with 
vaseline. Before placing this last in position, it is advisable to moisten 
its lower surface in the centre with salt solution; this prevents conden- 
sation of moisture on this surface and allows one to see the intestines 
during the whole of the experiment. 

Such a basin may be made very conveniently from stout gutta 
percha, which has the advantage of being readily moulded into any 
shape required; the instrument in question was made by softening 
sheet gutta percha in hot water and pressing it with well wetted 
fingers into a wet mortar; the whole operation may be very con- 
veniently conducted under a hot water tap. 


1 This Journal, xx. p. 1. 1896. 
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I might here add that I have made several plethysmographs of 
gutta percha after the pattern of Schäfer and Moore’s instrument and 
find that when, as in the present case, the apparatus is entirely outside 
the animal, this material may be considered as practically rigid, but 
that when the apparatus is returned to the abdominal cavity, it becomes 
sufficiently yielding at the temperature of the body to allow of its being 
slightly compressed by contraction of the abdominal muscles. 

Another and a more accurate form of the instrument consists of two 
concentric copper hemispheres connected at their circumference by a flat 
brass ring (see Fig. 1), which serves the same purpose as the rim of the 


gutta percha basin, viz. that of allowing a glass plate to be luted on with 
vaseline or, preferably, a mixture of vaseline and a small quantity of 
paraffin. Into the space thus formed, two tubes are inserted (Fig. 2, c), 


d 
bo 


Fig. 2. Section of intestinal plethysmograph. 
a. Opening for mesentery and blood vessels. 
b. Opening of tube leading to recording tambour. 
c. Tubes for water jacket. 
d. Glass plate covering the plethysmograph. 


one going to the bottom and the other leading from the top of the 
apparatus, so that a current of warm water may be circulated between 
the two hemispheres. 
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As in the case of the gutta percha basin, there is an elliptical 
opening in the bottom of the inner vessel connected with a short wide 
“tube, which passes through the outer one and projects for a short 
distance beyond it, while from near the circumference a tube passes 
from the inner vessel for the purpose of connection with the tambour. 
The method of keeping the apparatus at a constant temperature is 
to pass water at a constant pressure through a tube heated in a water 
bath and then through the instrument. To do this one takes an 
inverted bell-jar fitted with a cork through which passes the stem of 
an ordinary glass funnel, the wide end of which is thus within the bell- 
jar; through the cork a wide glass tube is also passed. Water from 
the supply pipe is allowed to flow into the funnel at such a rate that 
there is always an overflow, which escapes by the wide tube. The 
stem of the funnel is then connected by means of india rubber tubing, 
with a loop of metal tubing, immersed in a fairly large vessel of boiling 
water; this vessel must be provided with a cover through which the 
ends of the loop pass in order that a constant amount of tubing may 
be exposed to the hot water. About 12 in. of g in. gas-piping will 
answer excellently; a greater length of tubing presents so much 
surface to the water that it is very difficult to keep the bath at the 
boiling point. The water is then conducted by rubber tubing to the 
pipe leading to the top of the water jacket, where it circulates between 
the two hemispheres and flows out by the other pipe, which is con- 
nected with an india rubber tube furnished with a screw clip, by means 
of which the rate at which the water flows, and hence the temperature, 
can be regulated. After the water has been flowing for a few minutes, 
the temperature will be found to keep quite constant. This I have 
proved by control experiments. 

This form of the apparatus bas the advantage that the intestines 
can be drawn from the abdominal cavity directly into a warm chamber, 
thus minimising shock and preserving the intestine in a comparatively 
normal condition. 

For most purposes the simple gutta percha basin answers perfectly 
well, especially if the animal be kept on a hot bath and carefully covered 
with cotton-wool, but, whenever it is desired to avoid shock, the water- 
jacketed apparatus is preferable. 

With either form of apparatus, it is possible to get a very satis- 
factory tracing, with a considerable excursion of the lever, the heart- 
beats and the respiration waves being both clearly marked. Moreover 
the intestine being cut, movements of the abdomen do not affect the 
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instrument. Fig. 3 is an example of a normal tracing taken from a 
cat ansthetised with A.c.E. mixture and ether, the second line is the 


Fig. 3. 
Upper line. Carotid blood-pressure. 
Next line. Intestinal plethysmogram. 
Next line. Time in seconds. 
Last line. Abscissa of blood-pressure. 


plethysmogram, the next is the carotid blood-pressure. The two 
writing points were exactly vertical under one another. Drs Mott 
and Halliburton will deal with the results they have obtained with 


the instrument in a future paper. 
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THE EFFECT OF RESISTANCE TO SECRETION UPON 

THE PERCENTAGE OF SALTS IN SALIVA, AND 
UPON THE WORK DONE BY THE GLAND’. By 
O. F. F. GRUNBAUM, B. A., BSc., Trinity College, Cambridge. 
(One Figure in Text.) 


The Method of Eaperiment. A large dog received an injection of 
20 mg. of morphia hydrochlorate per kilogram body weight, about 
three-quarters of an hour afterwards the animal was anzsthetised 
with chloroform. Tracheotomy was performed. Cannule were in- 
serted into a femoral vein and a submaxillary duct. The object of 
placing a cannula in the vein was to facilitate the subsequent injection 
of pilocarpine nitrate; the use of this drug to produce secretion was 
preferred to stimulation of the chorda tympani nerve because a more 
even flow can be obtained. Care was taken when isolating the sub- 
maxillary duct not to separate it from surrounding structures for a 
greater distance than was absolutely necessary; a double ligature 
secured the metal cannula in order to prevent oozing on the application 
of pressure to its contents. 

Resistance to the flow was produced by the apparatus shown in the 
diagram. The tube (/) fitted tightly on to the cannula, a clamp just 
above allowed the pressure in the collecting bottle (h) to be raised 
before fixing the tube to the cannula. The pressure could be regulated 
by adjusting (a) which altered the height of the mercury reservoir (b); 
the pressure was measured by the manometer (9). 

The saliva was prevented from flowing up the tube towards (c), 
which would have entailed a loss owing to the glairy saliva sticking 
to the sides of the tube, by allowing the tap (e) to leak slightly, which 
caused a slow current to pass from (c) to (h). 

The saliva secreted against pressure was removed from the collecting 
bottle and that vessel cleaned and dried for the reception of another 
specimen. The time during which the saliva flowed was accurately 


! The expenses of this research were defrayed by a grant from the Coutts Trotter Fund. 
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noted and the amount estimated by weight, since the error in deter- 
mining the volume of viscid saliva by that — I consider less than 
by means of a pipette. 


— 


Whenever a marked decrease in the rute of flow was observed while 
collecting a specimen for analysis, the time was noted and the specimen 
placed on one side, this accounts for the variation in the quantities, 
between 3 and 4 c.. being the volume aimed at. The specimens 
were placed in platinum crucibles, weighed, dried for five hours 
in an oven at 100°C., cooled in a desiccator, weighed, ignited for 
1} mins. in a Bunsen flame or } min. in the blow-pipe (the time 
necessary to destroy organic matter and consume the carbon), cooled 
and weighed: the crucible was then washed in 10% hydrochloric acid, 
rinsed in distilled water, dried and reweighed. The weighing was 
correct to O2 mg. 

The results of the experiments are tabulated. 
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TABLE I. 
No. of —— age of age of above — 
I. 1 8°12 1-04 0°36 0°39 0 5 
Nov. 2, 1897 2 418 104 0°81 0°44 0 2 
Dog of 20 kilos 8 5°83 0°73 0°62 048 35 
4 888 0:90 0°59 0°31 0 
5 298 0°59 0°78 0°47 0 
6 278 0°39 0°81 0456 40 
7 2°64 0°44 0°43 0-39 0 
8 6°11 1°02 0°54 0°50 0 4 
9 4°71 0°59 0°65 050 40 
10 290 0°48 0°78 0°46 0 
11 8°72 0°37 0°94 056 100 
II. 1 2˙84 0-71 0°75 | 0°48 0 x 
Nov.10,1897 2 2°56 0°67 0°68 0°47 0 3 
Dog of 18 kilos 8 717 0°086 0-60 060 30 
4 800 0°60 0°56 0°70 0 4 
5 1°41 0°08 0°60 060 30 
III. 1 2065 0°95 0°54 0°60 of 6 Analyses of same 
Nov. 17,1897 1 8°67 0°95 0°54 0°60 0 specimen 
Dog of kilos 2 2°66 0°76 0°38 0°56 0 
83 8-8 0°65 0°34 060 8680 
4 208 0°41 0°42 0°55 0 
5 1°06 2°50 0°55 0 8 Saliva very 
6 1°62 0-02 2°00 O61 30 glairy 
71 0°11 1°86 0°36 0 
IV. 1 4°56 0°91 0°41 0°72 0 2 
Nov. 28,1897 2 1°42 0°19 0°48 059 #876 
Dog of 20 kilos 3 2°80 0°16 0-71 071 80 1 
4 0°40 0°53 0°68 0 
5 248 0°68 0°46 0°50 0 15 
6 1°49 0°09 0°84 0-70 110 
7 0°25 0-95 069 60 2 


The injections of pilocarpine nitrate were given about 30 secs. before beginning 
collect the specimen against which they are placed. 


In normal circumstances, as was shown by Heidenhain, the 
percentage of salts in saliva varies with the rate of secretion; in- 
creasing as the rate increases, and decreasing as the rate decreases. 
The experiments given above show that when a decrease in the rate of 
secretion is brought about by offering resistance to the flow of saliva, 
the percentage of salts in the saliva never decreases proportionately, 
and may actually increase. 

The increase in percentage of salts cannot be attributed to a 
filtration through the walls of the ductules and ducts; since this 
process, even if it could affect the percentage of salts at all, would 
necessarily cause a greater increase in the percentage of organic sub- 
stance. The experiments show that there is no necessary connection 
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between the increase in the percentage of salts and the increase in the 
percentage of organic substance. 

There is, it is true, as a rule some increase in the percentage of 
organic substance, but it is known that the rate of secretion of organic 
substance varies directly with the strength of the stimulus. The 
strength of the stimulus was usually increased—by injection into the 
blood of additional quantities of pilocarpin—before these samples of 
saliva were collected. I consider then that the increase in the 
percentage of organic substance was chiefly due to increase in the 
strength of the stimulus, though filtration through the ducts was 
probably in some instances not wholly without influence. 

It is interesting to note that these observations account for the 
main discrepancies in the tables of Heidenhain. If his Experiment 
IV. be arranged as in Table II., ie. in order of the percentage of 
inorganic salts, it will be seen that in two cases the rate of flaw is too 
slow to obey the law deduced by Heidenhain. 


TABLE II. 
of of organs 
No. of ¢.cm. secretion of 
saline per min. 
IV. 7 8°5 0°19 0-98 0°25 
(Heidenhain) 1 86 0°18 1°15 
8 4°4 0°22 1°59 0-82 
5 36 0°15 1°85 0°34 
8 5°0 16 0°86 0°37 
2 4°4 2-2 184 0°44 
9 50 2°5 1°30 0°57 
4 2°0 2°09 0°68 
6 4-0 3-2 1-29 0°58 


Now in these cases the percentages of organic solids are abnormally 
high; if the viscosity vary with the percentage of organic solids these 
salivas would have been secreted against increased pressure and hence 
possess a high percentage of inorganic salts, 

An experiment was conducted to determine approximately how far 


the viscosity varies with the percentage of organic solids. A number 


of specimens of saliva were collected and forced through a capillary — 
tube under a pressure of 10cm. Hg. The time and quantity were 
noted and compared with distilled water, the viscosity of which was 
taken as unity, It will be seen that the viscosity varied with the 


percentage of organic substance. 


It is known that skeletal muscle, when contracting in response to 
a given stimulus, does more work as the external resistance to its 
contraction is increased from zero up to a certain limit. And it is 
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worth inquiry whether a similar law holds good for the salivary 
glands. 


of 

1 0-166 1-16 
2 0-375 4-9 

3 0-559 4-7 

4 1-038 16-0 

5 1-328 

0-826 11-9 

7 0703 11-6 


The data are not sufficient for more than a rough estimation. The 
two chief factors to consider are, it seems to me, first the volume of 
saliva secreted in a given time, and the percentage of salts in the 
Saliva. With regard to the latter, the gland is supplied with a solution 
containing about ‘8 p.c. of salts, and it secretes a solution containing 
about 3 to ‘7 p.c. So far then the secretion of saliva may be regarded 
as a separation of a certain amount of salts, from water, and if we take 
the percentage of salts in lymph as 0°8 p.c. and the percentage of salts 
in saliva as 0°5 p.c., the work done in the production of 1 c.c. cannot be 
less than 4°03 gram-meters. 


On the supposition that the salivary gland is of a composite nature, one 
part acting as a semipermeable membrane and another allowing salt solution 
to pass unchanged, 2ths of the secretion would pass through the semipermeable 
membrane and gths with its percentage of salt unaltered in order to produce 
1 c.c. of a saliva containing 0°5 % salts from a lymph containing 0°8 %: the 
work done would not be less than g x (8 x 529) x 13°56 = 21°52 gram-meters, 
neglecting the pressure of lymph, since 0-1 °/, sodium chloride solution exerts 
a final osmotic pressure of 529 m. Hg. 

From observations described above the conclusion may be drawn that it is 
improbable that the above occurs, and there being no passage of unaltered 
solution no passage of pure water need take place, in which case a correction 
must be introduced representing the work done in separating g e. em. of pure 
water from 1 c. em. of 0°5°/, salt solution. By removing $c.cm. of pure 
water from lc.cm. of 0°5°/, salt solution the latter is concentrated up to 
0-8 % , and hence the work done must be calculated against the average 
0-65°/, and would be $x 6-5x 29 „ 13°56 gram-meters; therefore the 
minimum amount of work done by the gland in secreting 1 c. om. of saliva 
under the above conditions would be 


(8 — 6°5) x 529 x 13:56 = 4-03 gram-meters. 
By the same method of calculation the work done in secreting 1 c.c. 
PH, XXII. 27 
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containing ‘6°/, salts, against an external resistance of 50 mm. Hg. when the 
gland is supplied with a solution containing ‘8 °/, is 
} (8 —7) x (529 + 050) x 13°56 = 1-96 gram-meters. 5 
This is the minimum amount of work done by the gland if the process of 
secretion be of a physical, chemical or any other known nature, as evident 
from a consideration of the conservation of energy. 


Thus an increase in the percentage of salts in saliva means a 
not inconsiderable decrease in the amount of work required to 
secrete 1 c.c. 

We have seen that when a gland is made to secrete against 
resistance it secretes much less saliva in a given time, and the 
percentage of salts in it increases. Hence on both counts there must 
be a considerable decrease in the amount of work done by the gland in 
a given time. 

The other factors are either the same when the gland is secreting 
freely and when it is secreting against resistance, or are—it seems to 
me—insignificant compared with the factors mentioned above. They 
are the resistance to the flow of saliva in the ducts, the external 
resistance to the flow, the secretion of the organic substances and 
possibly some metabolism of the organic substances immediately previous 
to excretion. With regard to these factors, there is on the one hand a 
decrease of work in a given time in consequence of a diminution in the 
rate of excretion of organic substance. On the other hand there may 
be perhaps some increase in the percentage of organic substance, which 
both by its excretion and by the greater viscosity of the saliva, would 
cause some increase of work on the part of the gland. There is also an 
increase of work in consequence of the external resistance. 

On the whole the conclusion may be drawn that a marked decrease 
in the work done by a gland follows upon offering resistance to the flow 
of the secretion. 

One other point may be noticed in this connection. If it be 
accepted that, other things being equal, the work done by the gland 
in secreting a given quantity of saliva decreases as the percentage of 
salts in it increases, it follows that as the stimulus to a gland increases 
the work done by the gland in secreting a given quantity of saliva 
decreases, since the percentage of salts increases with the strength of 
stimulus, that is to say, the gland works more economically. 


I have pleasure in expressing my thanks to Dr Langley and to 


Dr Starling, especially to the former, for assistance rendered in 
considering the results. 
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ON HEPATIC GLYCOGENESIS'. By F. W. PAVY, MD. 
LL.D., F.RS. 


(From the Laboratories of the Royal Colleges of Physicians 
and Surgeons, London.) 


A COMMUNICATION by Dr Noél Paton entitled “On Hepatic Glyco- 
genesis” was published in the Philosophical Transactions for 1894. 
It purported to show that the active production of sugar occurring 
in the liver immediately after death is due to the continuance of a 
vital process, assumed to be taking place, instead of to ferment action 
as hitherto generally supposed the early changes in the excised 
liver,” he says, “are simply a continuance of the vital processes of the 
organ—the katabolic side of metabolism being exaggerated, the 
anabolic side in abeyance’. 


Dr Paton’s pounding with sand experiments. 

Disintegration of the liver cells by pounding with sand immediately 
after death prevented, he asserted, the active production of sugar from 
taking place. Two experiments were adduced upon which this con- 
clusion, which stands as the fundamental point of his communication, 
was based. 

I repeated these experiments and obtained results of a contrary 
nature. The matter was discussed in my Epicriticism published in 
1895 (Churchill) In a reply to this publication Dr Paton“ stated 
that he would meet my controversion of his work at as early a date as 
possible after he had been able to carry out certain further experimental 
investigations. This he has now done in an article published in the 
Journal of Physiology for Sept. 1897 under the title of “A Further 


1 The substance of this Paper was communicated to the Physiological Society on 
Oct. 16th, 1897, and the cardinal experiments were shown. 

2 Phil. Trans. cixxxv. p. 277. 

8 Edinburgh Med. Journal, Feb. 1896, p. 781. 
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Study of Hepatic Glycogenesis.” I propose to submit to examination 
the experimental work contained in this article. 

After saying (p. 123), “Dr Pavy gives a series of experiments to 
show that the rate of amylolysis is not diminished by destroying the 
structural integrity of the cells by grinding with sand and in face of 
these experiments I have reinvestigated this question,” Dr Paton 
brings forward his further experimental work upon the point. He 
gives the details of three experiments in all of which the results stand 
diametrically opposed to those obtained in the two experiments upon 
which his communication in the Philosophical Transactions is founded. 
The figures in each of the three experiments come out in the reverse 
direction of those belonging to the experiments previously published. 
With reference to them Dr Paton says (p. 124), “In these experiments 
the results do not correspond to those previously recorded by me. 
They show no diminution in the amylolysis in the liver pounded with 
sand, and confirm Dr Pavy’s statement that destruction of the 
structural integrity of the cells does not diminish the rate of 
amylolysis.” 

Allegation that error is due to iron contamination of the sand. 

The plea is advanced by Dr Paton that the sand employed in 
his first experiments may have contained something which inhibited 
the conversion of glycogen. “It had been taken,” he says (p. 123), 
“from a large iron sand bath and repeatedly washed with water under 
the tap.” Oxide of iron, derived from the sand bath, is suggested as 
the probable contaminating agent. In his later experiments the follow- 
ing extraordinarily elaborate, and in view of the circumstances in some 
respects meaningless, preliminary process of purification was employed. 
„In these later experiments,” the text runs, “I have used powdered 
glass and sand, both of which were first treated with strong HCl, with 
KHO, then subjected to prolonged washing under a stream of water 
until the reaction was neutral, then washed with methylated spirit and 
again with water, and finally washed with absolute alcohol and ether 
and dried in an evaporating basin over a Bunsen burner.” 

Dr Paton now experimented with his cleaned sand and the same 
sand to which oxide of iron was added. He does not state the source 
of the oxide of iron uor the quantity that was employed. Upon the 
strength of two experiments he expresses himself thus:—“The results 
previously obtained by me appear to have been due to the accidental 
presence of oxide of iron in the sand used” (p. 125). 
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Whether he is justified by the new results in arriving at this 
conclusion I will not discuss but he departs from a proper method of 
experimental procedure in introducing a new factor into his experi- 
ments. The sand which I at first employed, from its being ready 
at hand, was, like that of Dr Paton, taken from an iron sand bath and 
used after being simply washed with water, dried and ignited. Since 
the publication of his article in the Journal of Physiology I have 
experimented with sand to which oxide of iron from the scrapings of 
three good sized sand baths was added, as well as with some sand that 
had remained over from my old experiments. The results, as will be 
seen by looking at the figures tabulated, give no evidence of any 
inhibitory influence being exerted by iron contamination far greater in 
amount than is likely to occur in sand derived from the sand bath, and 
point to the conclusion drawn by Dr Paton from his last experiments 
being as erroneous as that from his original ones which he admits to be 
wrong. Rabbits’ livers were experimented upon and the time of 
exposure in the incubator was four hours at a temperature of 37° C. 
In each case duplicate portions, A and B, were submitted to exposure 
in the incubator. The sugar was extracted by the alcoholic method 
and estimated by titration with the ammoniated cupric solution. The 
figures represent parts per 1000 expressed as glucose and the reducing 
power was taken before and after treatment with sulphuric acid to show 
the nature of the sugar present. 


Liver No. 1 Liver No. 2 

— — 
Before After Before After 
H,S0, H, 80. H, S0. H, S0. 
Check not incubated 3°30 3°91 5-09 5°17 
Incubated with (A 16°41 18°35 18°82 24-00 
sand and iron {3 17°53 18°95 20°02 22°88 
Incubated with { A 16°25 1773 14°58* 21°88 
ordinary sand 1 15°51 16°93 21°32 23-69 


* The reason of the low reducing power in this instance is not apparent. 

After acknowledging the want of validity in his pounding with 
sand experiments, Dr Paton says (p. 125), “But admitting that 
structural integrity of the cells is not essential to the rapid amylolysis 
I maintain that the other evidence adduced in my paper points most 
clearly to the conclusion there come to.” I most emphatically take 
exception to the accuracy of this statement and I call upon Dr Paton 
to name any single point based upon a reliable footing that can be 
brought forward to sustain what he says. 
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Dr Paton’s criticism of my work on the production of sugar in 
alcohol coagulated liver. 

Dr Rete next proceeds to criticise my work on the production of 
sugar in alcohol coagulated liver. It will be known that I have shown 
that the liver of an animal may be treated with, and kept for some time 
in alcohol, and that after being dried at a temperature that is not 
destructive of ferments it retains its sugar producing power on being 
exposed to suitable conditions. A demonstration of this fact was given 
by me at a meeting of the Physiological Society in the summer of 1896. 
Dr Paton admits the cogency of the argument that this affords in 
favour of ferment action and then endeavours to annul the validity of 
my work. He suggests that I may have subjected the liver to only a 
short exposure to the influence of alcohol and that the proteid 
constituents of the protoplasm may not have been completely 
coagulated, thus leaving them in a position to resume their katabolic 
changes when treated with water and exposed to a suitable tem- 
perature. 

Time of ewposure to alcohol. 

I will at once state that Dr Paton’s suggestion about only a 
short exposure does not apply. In many instances the liver substance 
has stood under alcohol for many weeks before being dried for use. It 
has often been a matter of convenience to let it stand aside whilst 
other work was proceeding. But a complete answer to Dr Paton upon 
this point is afforded by the following experiment. 

The liver of a rabbit was taken on January 1, 1897, and after reduction to 
a pulp by passing through a mincing machine and pounding in a mortar, was 
placed in a beaker with 500 c.c. of absolute alcohol with which it was well 


stirred up. In this state it was allowed to stand aside with a cover over it 


till July 1, thus allowing six months for exposure to the influence of the 
alcohol. Compensation for loss by evaporation was made by a fresh addition 
of alcohol from time to time. The alcohol was now strained off and the 
liver substance washed with alcohol and then with ether and subsequently 
dried, powdered, and passed through a fine sieve to separate the stringy 
portions consisting of vessels. 

Two grams of this dry powder were placed in a beaker with 20 c. c. of 
1% NaCl solution and exposed in an incubator for four hours to a 
temperature of 40“ C. The contents of the beaker were then boiled. The 
clear liquid gave on testing with Fehling’s solution an immediate copious 
precipitate of * suboxide. 
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To ascertain the amount of sugar production occurring, quantitative deter- 
minations were made before and after exposure in the incubator. 

Two grams of the liver powder were thrown into boiling water in order 
to kill the ferment and supply an extract representative of the initial 
condition. After washing with boiling water to fully extract the sugar 
titration with the ammoniated cupric test showed the presence of 4°6 per 
1000 of sugar expressed as glucose for the dry liver material. 

Another portion of 2 grams was incorporated with 20 c.c. of 1% NaCl | 
solution and placed in an incubator for four hours at 46°C. After being 
boiled and washed with boiling water in the same manner as the other, 
titration yielded an indication of the presence of 42-7 per 1000 of sugar. 


Exposure to boiling alcohol. 


I have carried my experiments upon this subject further and 
submitted alcohol coagulated liver to the influence of boiling absolute 
alcohol before exposure in the incubator. : 

It is well known that enzymes when dry are not killed by exposure 
to temperatures considerably higher than 100°C. I have tried if, in a 
dry state, they would remain unaffected on being boiled in absolute 
alcohol. A sample of dry lamb’s-pancreas powder prepared by Kiihne’s 
process was experimented with. About 5 grams of it were placed in 
100 c.c. of absolute alcohol and boiled on the water bath for 5 minutes. 
The alcohol was then filtered off and the powder washed with ether 
and dried. A small quantity added to 50c.c. of warm starch-paste 
liquefied it almost instantly and in a few minutes the liquid on being 
tested gave a copious reduction with Fehling’s solution. A specimen 
of Fairchild’s “ Zymine” treated in the same manner produced a similar 
result. Some alcohol-coagulated dry liver powder boiled in a like way 
in absolute alcohol gives evidence that its sugar-producing power is 
not destroyed. 


Expr. Two grams of the dry powder were treated quickly with 20 c.c. of 
boiling water, for the purpose of immediately preventing the occurrence of 
ferment change, boiled fora little time and then thrown ona filter. The clear 
filtrate on being tested with Fehling’s solution gives no noticeable reaction ; 
not the least change of colour is perceptible but if the tube is allowed to 
stand aside for some time a slight deposition of suboxide will probably 
become visible. The effect of the previous boiling with absolute alcohol is 
to cause a more complete removal of the sugar originally present in the liver 
than can be obtained by treatment with cold alcohol, and this initial reaction 
is consequently less in samples that have been boiled in absolute alcohol than 
in those simply washed with cold methylated spirit. 
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Another 2 grams of the dry powder were mixed with 20 Cc. of 1% NaCl 
solution, exposed for four hours in an incubator at 40° C. and subsequently 
boiled and thrown on a filter. The filtrate tested with Fehling’s solution 
gives a copious precipitate of orange-coloured suboxide. 

I have experimented quantitatively in order to be able to represent 
the extent of sugar production occurring in rabbits’ livers subjected to 
the influence of boiling alcohol and have found in the experiments 
performed that sugar has been discoverable, after exposure for three or 
four hours in the incubator, to the extent of from 40 to as high as 60 
per 1000. 

Not only then can it be shown that sugar production actively occurs 
in liver which has been kept in alcohol for a period of six months but 
likewise in liver that, in a dry state, has been boiled for some minutes 
in absolute alcohol. 


Examination of Dr Paton’s experiments on alcohol-coagulated 

liver substance. 

Dr Paton has experimented upon the subject under consideration. 
He first gives some remarks on the coagulation of the higher proteids 
by alcohol viewed in relation to the length of time of exposure, and 
makes the suggestion, in which he is entirely wrong, that in my 
experiments on the liver only a short exposure to the influence of 
alcohol was allowed. He then supplies the details of his own ex- 
periments from which he formulates these two conflicting statements : 

“These experiments indicate that even after a short treatment with 
alcohol the liver tissue of the rabbit and sheep loses its power of 
converting glycogen into glucose” (p. 128). 

“The liver of the dog and cat thus yields a different result to the 


liver of the sheep and rabbit. Here a short treatment with alcohol 


does not arrest the amylolytic action when it is placed in water at a 
suitable temperature” (p. 130). 

Virtually the point that is presented for consideration is—does the 
treatment with alcohol prevent the occurrence of sugar production in 
liver substance on subsequent exposure to suitable conditions in the 
incubator, or does it not? Dr Paton says that in the dog and cat it 
does not. Is not this admission sufficient to dispose of the question ? 
It certainly affords an affirmation of the broad fact which I have 
enunciated in connection with the matter. Notwithstanding, however, 
that he thus far endorses what I have said he at the same time avers 
that in the rabbit and the sheep my proposition does not hold good. 
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Although in the fresh state a production of sugar occurs equally in the 
two cases, treatment with alcohol is alleged to bring about antagonistic 
conditions by leading to the destruction of sugar-forming capacity in 
the one case and not in the other. 

Such a suggestion it might naturally be expected, he would have 
supported by experimental evidence of a forcible kind. Instead, however, 
the evidence given is most meagre both in amount and in character. 
It also adversely happens that the greater portion of the work from 
which my knowledge has been derived has been conducted upon the 
liver of the rabbit, and as regards this work it is to be said that it 
stands in the position of having been confirmed by repetition from time 
to time during the period, consisting of many years, that has elapsed 
since it was first undertaken. And in one of the experiments given 
above, not only has it been seen that the liver of the rabbit does not 
lose its sugar-forming capacity on subjection to treatment with alcohol 
but even that this applies to treatment carried on for a period of 
six months. | 


Sodium Fluoride in relation to Enzyme action. 

Fluoride of sodium was employed by Dr Paton in connection with 
his paper in the Philosophical Transactions and he has again brought it 
into service for his article in the Journal of Physiology. 

Arthus and Huber! experimented with this substance and state 
that it affords a means of distinguishing between life and enzyme 
action. They operated with solutions up to 1% in strength and with 
these found that whilst the action of living cells was stopped enzyme 
action continued. 

Dr Paton in the experiments he has conducted on the liver with 
NaF finds that amylolysis is retarded by the presence of the agent and 
thence considers that they support the view advocated by him. After 
furnishing the details of an experiment on alcohol-coagulated liver he 
says (p. 136), “Such an observation is opposed to the view that the 
change produced by liver tissue treated with alcohol is due to a zymine 
since these, so far as we know, have their activity uninfluenced by this 
substance.” (The italics are mine.) 

Dr Paton appears to have taken for granted that this is so, but 
there is nothing in Arthus and Huber’s experiments to show it. All 
that is shown is that enzyme action is not fully checked but there 
is no evidence in proof of its remaining uninfluenced. Quantitative 


1 Archives de Physiologic, 5° Sér. tv. (1892), p. 651. 
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examinations are required for this but none are given by Arthus and 
Huber. Had steps been taken to ascertain that what was taken for 
granted did not rest upon false ground the whole thing, instead of being 
made use of as it has been by Dr Paton, would have been dropped as 
unworthy of consideration for it can be clearly demonstrated that NaF 
exerts a pronounced influence on enzyme action. If present in small 
quantity it retards it and if in large quantity it stops it. I will direct 
attention to the experimental results I have obtained upon the point. 

I first experimented with starch-paste and some of the dry powder 
from lamb’s pancreas, previously made use of in connection with other 
experiments, to obtain direct information regarding the influence of the 
agent on an enzyme. I then experimented upon alcohol-coagulated 
liver to see if corresponding results were yielded. 

‘A decoction of starch was made and 5 portions of 10 c.. each were 
taken and treated respectively with 

90 c.c. of tap water. 

90 c.c. of distilled water containing 1 grm. of NaCl. 
90 c.c. of distilled water containing 1 grm. of NaF. 
90 c.c. of distilled water containing 2 grms. of NaF. 
90 c.c. of distilled water containing 4 grms. of NaF. 

All were brought to the temperature of the incubator. 

To each was then added 0-1 grm. of the pancreas powder and all were 
placed side by side in the incubator at 40° C. for 20 minutes. They were 
then rapidly boiled and the volume taken after cooling. They were next 
thrown on dry filters and the filtrates titrated for sugar in the usual way. 
The results in the table represent the CuO reduction expressed as glucose. 

The several products were tested with iodine with the result mentioned 
in the table. 

In Exp. II. a thicker decoction of starch was taken than in Exp. I. 


Influence of Sodiwm Fluoride on Enzyme Action. 
Starch-Paste and Pancreas. 


Experiment I. EXPERIMENT II. 
Result 2 Result 
ex as Reaction sed as 
cose in with — in Reaction with 
grammes iodine grammes iodine 
Tapwater 040 Nil 
NaCl 03 Ni 066 Red 
1% NaF 036 Red 021 Blue with red tinge 
2% NaF 018 Purple 009 Blue“ 
4% NaF 019 Blue-purple 009 Blue“ 


In these the starch had not become fully liquefied. 
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In the liver experiments the alcohol-coagulated liver of the rabbit 
was used. This is worthy of note in view of Dr Paton's statement 
that amylolysis does not take place in alcohol-coagulated liver derived 
from this animal. 


Portions of 2 grammes each were respectively incorporated with 20 to 
30 o. o. of the solutions mentioned in the table. All were then placed in the 
incubator for the time and at the temperature named. They were afterwards 
boiled and extracted with boiling water, the extracts concentrated, measured 
and titrated. 

For check purposes a portion of 2 grammes was thrown into boiling water 
and extracted without previous exposure in the incubator in order to obtain a 
knowledge of the amount of sugar present in the liver powder. 

The figures in the table represent the CuO reduction reckoned as parts 
of glucose per 1000 of the dry liver powder. 

The liver powder used in both experiments was from the same sample. 


Influence of Sodium Fluoride on Sugar production in Alcohol- 


coagulated Liver. 
Expzrment I. Experiment II. 
4 hours at 46°C. 43 hours at 87°5°C. 
Check not incubated 5°67 
1 ⁰ NaCl 54°55 36°75 
1% NaF 42°4 20°83 
2°/, NaF 35°81 15°62 


As with the pancreas and starch experiments it is hence noticeable 
that a marked restraining effect over the production of sugar was exerted 
by the NaF. It will be noted in Experiment II. where considerably less 
action throughout occurred than in Experiment I. that the temperature 
of the incubator was considerably lower. 


The Katabolism theory looked at critically. 


Let us see where we stand on applying the mind to the view 
Dr Paton contends for. As defined by the quotation I gave at the 
beginning he refers the active production of sugar that occurs in the 
liver immediately after death to an exaggeration of the katabolic side 
of metabolism with the anabolic side in abeyance. 

In speaking of my frozen liver experiments he says: “If the 
chemical changes in protoplasm, constructive and destructive, which 
form the basis of those manifestations which we call life are meant, I 
admit that after freezing and thawing the constructive changes are in 
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abeyance. But I know no reason to assume that the destructive or 
katabolic changes do not occur, and it is with these I have endeavoured 
to connect the early amylolysis (p. 125). 

Then with regard to the alcohol-coagulated liver experiments he 
remarks: “ There is no evidence that Dr Pavy’s process does cause com- 
plete coagulation of the proteid constituents of protoplasm, and evidence 
is wanting that when the precipitate is treated with water and kept at 
a suitable temperature the katabolic changes for the time arrested do 
not again manifest themselves” (p. 126). 

Clearly, therefore, according to Dr Paton, what we have to look to 
as giving rise to the active production of sugar that takes place in the 
liver immediately after death is an assumed occurrence of katabolic 
changes in the proteid matter of cell protoplasm, comparable, it is 
further assumed, to changes occurring during life. Although speaking of 
these changes in proteid matter as giving rise to the sugar he does not 
proceed on and refer the source of the sugar to the proteid that he 
considers to be undergoing the katabolic change. Indeed he distinctly 
says that it comes from glycogen transformation—that is from something 
situated outside that which is undergoing the katabolic change. 

Dr Paton even carries his proposition, in both his paper in the 
Philosophical Transactions and his article in the Journal of Physiology, 
to the extent of representing that glycogen in ordinary solution is 
amenable to the influence of the cadaveric katabolism in proteid 
matter of which he speaks, and this is made to apply to the effect 
producible not only by fresh liver but likewise by liver that has been 
subjected to treatment with alcohol. He is silent, however, upon the 
point of how the katabolic change in the proteid effects the hydrolysis 
of glycogen lying outside. 
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THE PRECIPITATION OF CARBOHYDRATES BY NEU- 
TRAL SALTS. By R. A. YOUNG, MD., BSc. (Lond.), 
M.R.C.P., Lecturer on Physiology at the Middlesex Hospital Medical 
School’. 


(From the Physiological Laboratories of King’s College, London, 
and the Middlesex Hospital Medical School.) 


THe researches of Nasse, Hofmeister’, Wenz‘, Halliburton“ 
and others into the action of neutral salts on proteid solutions have 
greatly increased our knowledge of the various proteids and their 
solubilities, and have afforded at the same time one of the most 
generally useful means of separating the individual proteids from 
mixtures, and of obtaining them in a comparatively pure condition. 

It has long been known that many other colloid substances including 
certain carbohydrates can also be precipitated from their solutions by 
saturation with neutral salts (“salted out,” to adopt the convenient 
German expression Aussalzen”); in fact Neumeister“ goes so far as 
to state “that all non-diffusible substances are capable of being salted 
out from their solutions, as are also certain other substances such as 
picric acid and the urates.” 

The recognized value of this means of precipitation as applied to 
proteids seemed to warrant some more extended investigation of the 
action of neutral salts on carbohydrate solutions, and especially to 
determine if the method can be used to separate the various carbo- 
hydrates and their digestion cleavage products from one another. 


1 Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee of the Asso- 
2 Nasse and Krüger. Pfliiger’s Archiv, XII. S. 504. 1887. 

Hofmeister. Archiv f. Exper. Path. u. Pharm. xxrv. S. 247. 1888; ibid. xxv. 
8. 1. 1889. 

* Wenz. Zeit. Biologie, Xu. S. 1. 1886. 

Halliburton. This Journal, v. p. 172. 1884. 

* Neumeister. Lehrbuch d. physiol, Chem. 1. 8. 22. Jena, 1893. 
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Accordingly the following research was undertaken at the suggestion 
of Professor Halliburton. 

Previous work in this direction may be very briefly summarised, 
being confined chiefly to a few observations made during the course of 
researches into the action of neutral salts on other substances. 

Nasse“, who worked for the most part with proteids and albu- 
minoids, stated that soluble starch, glycogen, glycogen-dextrin, inulin, 
and the soluble iodide of starch were also precipitated by ammonium 
sulphate and magnesium sulphate. 

Neumeister“ stated that glycogen is “completely precipitated by 
saturation of its solutions with ammonium sulphate.” 

Pohl“ applied the salt precipitation method systematically to the 
vegetable gums, and found that the majority were precipitated by one 
or more salts, gum arabic being the only exception. 

Halliburton‘, referring to the precipitation of colloid carbo- 
hydrates by salts, makes the statement, “I have found that glycogen 
is precipitated by saturation with ammonium sulphate or magnesium 
sulphate, but not at all or only very slightly by sodium chloride.” 

My own observations may be conveniently considered under the 
following headings :— 

I. Methods. 

II. The crystalline carbohydrates. 

III. Starch and its cleavage products, the dextrins. 
IV. Glycogen. 

V. Inulin. 

VI. The iodine reaction and the iodine compounds. 
VII. Theoretical considerations on salt precipitation. 
VIII. General summary. 


I. Methods. 


Most of the substances experimented with are soluble in water with 
comparative ease, especially on gentle heat, except in the case of starch, 
of which pastes of various strengths were made as described in the 
section devoted to it. 

The solutions used were in all cases neutral in reaction, and made 


Nasse and Krüger. Loc. cit. 

2 Neumeister. Zeit. Biol. Xxxv. S. 279. 1888. 

Pohl. Zeit. f. physiol. Cem. Av. 8. 151. 1890. 

Halliburton. Text- book of Chem. Physiology and Pathology, p. 106. London, 1891. 
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by dissolving the substance as a rule in hot water, filtering while hot, 
and then allowing to cool to the ordinary room temperature, at which 
unless otherwise stated saturation was always effected. 

The strength of solution most frequently employed was from 1-2 %, 
although in some cases much stronger solutions were also investigated. 

The chief salts used were, ammonium sulphate, magnesium sul- 
phate, and sodium sulphate. 

Observations were also made with other salts, including sodium 
chloride, ammonium chloride, potassium sulphate, potassium iodide, 
and sodium phosphate, in most cases with very little, if any result. 

Saturation was effected by adding successive quantities of the finely 
pounded salt to solutions of carbohydrates in flasks or test tubes, and 
shaking. Excess of the salt was in all cases added, and then the 
solution often allowed to stand over the excess of salt for some hours 
or even days. As a rule precipitation is completed in twenty-four 
hours. 

In a few cases the saturations have been effected at higher tempe- 
ratures, but without any effect on the result obtained except in the 
case of sodium sulphate. This salt has its maximum solubility at 
33-34 C., and if saturation be carried out at this temperature, it is 
a very effective precipitating agent, much more so than at ordinary 
temperatures, At this temperature it can be used for most purposes 
for which ammonium sulphate is used, sometimes with advantage, as it 
acts quickly ; its disadvantages are the great quantity of salt which has 
to be added, and the filtration and washing of the precipitate on a 
warm-water filter. 

If as the result of saturation of any solution with a neutral salt 
a precipitate occurred, it was collected on a filter and then well washed 
with a saturated solution of the salt used in precipitating it, at the 
temperature at which saturation was effected, and then its solubility 
and reactions were tested. | 

If necessary any salt remaining in the precipitate may be removed 
by dialysis before a solution is made, but this in most cases is not 
necessary, as the salt does not interfere with any of the ordinary 
reactions, except in the testing of the point at which precipitation by 
alcohol commences. 

The chief reactions investigated for the different precipitates were 
—solubility, the iodine reaction, action of tannic acid’, of alcohol, and 


1 Tannic acid precipitates glycogen, starch, and the earlier erythrodextrins, but not 
erythrodextrin III, nor the achroodextrins. 
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behaviour with Fehling’s solution before and after heating with dilute 
acids. | 

In some cases, especially with starch and its cleavage products, 
attempts were made at fractional precipitation. The methods adopted 
are described in the section devoted to starch and need only be briefly 
referred to here.—The most useful were— 

(i) To add ammonium sulphate to half-saturation, and after allow- 
ing to stand for some time, to filter off any precipitate, and then 
completely saturate the filtrate with the same salt. 

(ii) First saturate with magnesium sulphate, and then with sodium 
sulphate either at the ordinary room-temperature or at 337 C. | 

If in any case a double saturation is to be carried out, or if it is 
important to be quite certain that all of a given substance is pre- 
cipitated, it is best to add more of the first salt to the saturated filtrate 
and filter again before saturating with the second salt. 

That the salt precipitation method has disadvantages even with 
proteids is well recognized. It is somewhat tedious, especially if 
attempts be made to remove all the salt from the precipitates obtained. 
With proteids, it is difficult to apply to strong solutions owing to the 
difficulty in filtering off the precipitated substance from the semi-solid 
mass which is obtained on adding the salt’. This difficulty I have 
not encountered in dealing with carbohydrate solutions, the precipitate 
in nearly all cases having filtered off very readily. On the whole, I 
think the disadvantages are less than with proteids. 

The chief difficulties I have found have been first—the difficulty 
in removing all traces of a substance soluble in a saturated solution of 
the salt used, from one which is precipitated, e.g. the erythrodextrins 
or sugar from soluble starch, but this can be effected by repeated 
washings with a saturated solution of the salt used for precipitation. 
The second difficulty is that of removing all the salt, above referred to. 
The presence of the salt, however, in no way interferes with the iodine 
reaction. 

The advantages of the salt precipitation method are its simplicity, 
its cheapness, and the ease with which precipitation is in many cases 
effected, so that it is of value to confirm and extend the results of the 
alcohol method of separation. 


Neumeister. Lehrbuch d. physiol. Chem, 1. S. 22. Jena, 1893. 


4 

é 

3 

4 

4 

1 

‘ 


PRECIPITATION OF CARBOHYDRATES. 405 


Il. The Crystalline Carbohydrates. 
The ordinary crystalline carbohydrates, dextrose, levulose, cane 
sugar, maltose, and lactose were all investigated, but as was expected 
with uniformly negative results as far as precipitation was concerned’. 


III. Starch and its Cleavage-products. 


Brown and Morris’, in one of their investigations on this subject 
point out the great variations in the accounts of the dextrins given 
by different observers, and state, “This is mainly owing to the great 
difficulty in obtaining the dextrins in anything like a pure state, to 
the alteration and separation which they undergo during purification, 
and lastly to the very few known processes to which when isolated they 
can be submitted in order to determine their properties, and their 
points of resemblance or difference.” 

I have therefore made a large number of experiments on the action 
of neutral salts on starch and the earlier products of its hydrolysis. 

This section of my paper may be divided as follows: 

(a) Starch paste. 

(b) Soluble starch. 

(c) The erythrodextrins. 

(d) The achroodextrins. 

(e) Comparison with the products obtained by other observers. 

(a) Starch paste. Potato starch was used almost exclusively in 
my experiments. This may be purified as described by Brown and 
Heron. It is washed with distilled water, then with 5% potassium 
hydrate, then with 1°/, hydrochloric acid, then with distilled water till 
the washings are neutral in reaction, and then dried at 35-40 C. A 


1 Several of them, however, form compounds with neutral salts, most of which are 
capable of being crystallised; such are: 

Dextrose in combination with sodium chloride and sodium bromide. 

20,H,,0,.NaCl.H,0 
C,H,,0,-NaCl 
‘ C,H, ,0,.2 NaCl. 

Galactose yields a crystalline compound with sodium chloride. With cane sugar several 
such compounds can be formed with sodium chloride, sodium bromide, and sodium 


iodide, e. g. 
C,,H,,0,,. NaCl. H, O. 
With maltose no such compounds have been prepared. See Watt’s Dictionary of 
Chemistry (Muir and Morley), rv. p. 530 et seg. London, 1894. 
2 Brown and Morris. Journ. Chem. Soc. XI VII. p. 528, 1885. 


PH, XXII. Ä 


— — 
) 
q 
4 
‘ 
2 
Z 
* 
* 


406 R. A. YOUNG. 


weighed quantity of this (generally about 1-2°/,)' is then rubbed into a 
thick paste with distilled water, and poured into boiling water, or better 
still into water kept at the temperature of gelatinisation of the starch 
used’ in order to avoid any conversion of the starch into soluble starch. 

Starch paste is completely precipitated by ammonium sulphate or 
magnesium sulphate, and also by half saturation with ammonium 
sulphate if allowed to stand for some hours or days. Sodium sulphate 
at ordinary temperatures gives partial precipitation, which becomes 
complete if saturation is carefully effected at 33°C. 

It is not precipitated by sodium chloride or ammonium chloride. 

(b) Soluble Starch. This was prepared by (i) boiling starch paste 
prepared as described in the last section, but of much greater strength 
(10-20°/,) with dilute sulphuric acid on a water bath till it became 
quite limpid, and then neutralising with some alkali, generally the 
base of the salt which was to be used in the saturation experiment, 
eg. if ammonium sulphate were to be used, the sulphuric acid was 
neutralized with ammonia, or (ii) by the action of malt extract“ or 
pancreatic extract on a similar starch paste. Both of these ferments 
liquefy the starch paste with great rapidity, even a strong paste being 
rendered quite limpid in a few seconds, if kept at about 40°C., or a 
somewhat higher temperature in the case of the malt extract. As 
soon as the process of liquefaction is complete, the solution is boiled to 
prevent further action. 

Soluble starch is completely precipitated by ammonium sulphate, 
by magnesium sulphate, and by sodium sulphate at 33°C., but not 
by sodium chloride. 

Sodium sulphate at ordinary temperatures renders a solution of 
soluble starch opalescent, but does not cause precipitation unless 


1 Brown and Heron used 8-5 grms. in 100 Cc. % Roberts used 1 grm. in 100 0. o. 


* The following table by E. Lippmann, Chem. Centralblatt, 1861, p. 859, is of value 
in this matter : 


Source of the starch. swelling up. 
Rye 45°C, 50° . 55° C. 
Maize 50° 8585 62°5° 
Barley 87°5° 57°5° 62°5° 
Potato 46 59° 62°5° 
Rice 54 59° 63° 
Wheat 60° 65° 67°5° 


* Prepared as described in Halliburton, Essentials of Chem. Physiology, 1896, p. 128. 


en powdered malt with 50 c.c. of water at £0°C. for three hours and 
ter, 
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allowed to stand for some days, and then much less than in the 
case of starch paste itself. 

Soluble starch can also be completely precipitated by half satura- 
tion with ammonium sulphate if the mixture be allowed to stand for 
a day or more; this fact is of great use in separating soluble starch 
from mixtures. 

(c) The Erythrodextrins. In investigating these substances I 
made use of several solutions. (i) Prepared by acting on starch paste 
with dilute acids till a purple or red coloration only was obtained 
with iodine. (ii) Digestions of starch paste with malt extract allowed 
to act till purple or red was obtained with iodine. In testing such a 
product with iodine it is necessary to boil a portion in a test tube, cool 
and then add iodine, since the rapid change which the iodine reaction 
undergoes in the presence of malt extract is apt to be misleading— 
e.g. a digestion which gives a red reaction with iodine may on testing 
after boiling and cooling give a purple. (iii) Solutions of commercial 
erythrodextrin, which as is well known contains unaltered soluble starch 
and some sugar, although some samples I have obtained have only 
contained a trace of the former. 

In all cases on saturation with either ammonium sulphate or 
magnesium sulphate, one very readily obtains a fairly copious pre- 
cipitate, and the filtrate on testing with iodine invariably gives a rich 
reddish-mahogany coloration without the least trace of blue, and hence 
in a preliminary account of my experiments read before the Physio- 
logical Society’ I stated that erythrodextrin is not precipitated by 
neutral salts. Since that time I have been able to separate two 
precipitates, both of which in solution give reddish colorations with 
iodine, and hence I now propose to distinguish that erythrodextrin 
which is not precipitated as erythrodextrinIIL 

The precipitate obtained by saturation of any of the above solutions 
after being well washed with saturated solution of ammonium sulphate 
or magnesium sulphate, whichever was used in precipitating it, can be 
readily dissolved in water, especially on gentle heat. Such solutions 
on cooling gave a very characteristic reaction with iodine, beginning 
with a pure blue, becoming purple and ultimately dark red as more 
and more iodine was gradually added. This reaction was obtained 
no matter how carefully the precipitate was washed, and is therefore 
not due to contamination with erythrodextrinIII. This precipitate I 


1 Proc. Physiol. Soc. King’s College, Feb. 1897 (This Journal, xx1.). | 
28—2 
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at first regarded as being composed entirely of soluble starch, especially 
after discovering that according to Musculus and Grüber! soluble 
starch gives a reaction varying from blue to purple or even port wine 
colour according to the concentration. However, on comparing the 
amount of precipitate obtained with ammonium sulphate and mag- 
nesium sulphate respectively, when applied to samples of the same 
solution of the mixed products prepared by any of the three methods 
above described, I noticed that the amount of precipitate was always 
less when magnesium sulphate was used than when ammonium sulphate 
was the salt employed. On saturating the filtrate from a magnesium 
sulphate saturation with sodium sulphate at 33°C., I obtained a small 
quantity of a substance which.gave a bright red-purple to red-brown 
coloration with iodine; and which I propose to call erythrodextrinII. 

I was able to show that the excess of the ammonium sulphate 
precipitate over that obtained with magnesium sulphate was at any 
rate partly due to this substance, in the following way—the precipitate 
obtained from commercial dextrin by ammonium sulphate was well 
washed with a saturated solution of that salt, then dissolved in water and 
saturated with magnesium sulphate, when it was only partly precipitated, 
the filtrate giving an iodine reaction similar to that of erythrodextrinIL., 
and being precipitated, though not completely, by further saturating 
with sodium sulphate at 33°C. 

The magnesium sulphate precipitate when dissolved in water still 
gave the typical blue—purple—red sequence of colours when tested 
with iodine, though more purple than in the case of the ammonium 
sulphate precipitate when similarly tested. 

A little later I found, as previously stated, that soluble starch could 
be completely precipitated by half-saturation with ammonium sulphate 
if the mixture were allowed to stand for some hours. Applying this 
process to the mixed dextrins obtained by any of the above methods, 
I was able to separate the factor which gave the blue reaction— 
ite. soluble starch; the filtrate no longer gives blue, no matter how 
dilute a solution of iodine be used. Applying this process of half- 
saturation to a solution of the well-washed magnesium sulphate 
precipitate I obtained with the filtrate a peculiar purplish-red iodine 
reaction without any preliminary blue. This substance I call erythro- 


dextrinI. It is very readily precipitated on completing the saturation 


with ammonium sulphate, and also to some extent by the half-saturation, 
especially if allowed to stand for some days. 


Musculus and Grüber. Zeit. physiol. Chem. u. S. 177 et seq. 1878—1879. 
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I therefore conclude that between soluble starch and achroodextrin 
there are a series of erythrodextrins, the earlier ones being precipitated 
by. saturating their solutions with neutral salts, the end member or 
members not being so precipitated. 

(d) The achroodextrins. This dextrin, or rather collection of 
dextrins, was prepared by allowing diastase or dilute acid to act on 
starch paste till beyond the ‘achromic point ’—that is, until a portion 
of the digestion after boiling and cooling gave no coloration with 
iodine. The action was then stopped by boiling in the case of the 
diastase experiment, by cooling and neutralisation in the case of the 
dilute acid. The dextrins were then precipitated by alcohol, collected, 
well washed—then dissolved in water, and boiled on a water bath 
to expel the alcohol. The solutions were then cooled and tested in 
the ordinary way by saturation. In all my experiments I obtained 
a slight. cloudiness over the excess of salt in the case of ammonium 
sulphate, but no trace with any other salt. This cloud ultimately 
settled down to form a few flocculi. These were collected, washed, 
and a solution made, but owing to the small quantity obtained, it was 
difficult to apply tests to it satisfactorily. It seemed to be converted 
into a reducing substance on boiling with acids, and therefore to be 
possibly a small portion of the achroodextrin. I endeavoured to discover 
if it were some accidental impurity. It certainly is not proteid, and 

the alcohol used for its precipitation was gum-free. One hesitates 
however to regard it as achroodextrin because of the generally accepted 
opinion that all the achroodextrins are later products of hydrolysis than 
the erythrodextrins, and therefore presumably of less molecular weight 
and less likely to be precipitated. 

(e) Comparison with products obtained by other observers. 
The difficulties in the investigation of the products of hydrolysis of 
starch become very evident in the very extensive literature of this 
subject, which teems with contradictions, varying theories' and a 
bewildering profusion in nomenclature. The greatest amount of recent 
work has however been done on the later products—the achroodextrins 


and the reducing sugars—maltose, glucose, and the much criticised 
isomaltose of Lintner and Diill. 


1 I have omitted any theoretical considerations as to the nature of the process by 
which the different products are split off and as to their relation to one another chemically, 
which may be found fully discussed in Brown and Morris, loc. cit.; Lintner and Diill, 
Berichte d. Deutsch. chem. Gesellschaft, xxv1. S. 2538, 1893; Ost, Chemiker Zeitung, xix. 
8. 1504. 1895. 
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My own work has of necessity been confined to the earlier products 
owing to the limitation of the activity of the method to those bodies, 
in which it differs from the alcohol method of separation, and hence 
the interest of comparing my products with those of other observers. 

Soluble starch. A soluble variety of starch has long been known, 
and is generally regarded as the simple hydrate of starch itself. It 
is no doubt the chief constituent of the products variously named 
as follows:—amidulin by Schulze“; soluble starch by Béchamp“, 
O'Sullivan“ and Musculus“; amylodextrin by W. Nägeli“ and the 
products described under the latter name by Lintner and Düll“ 
Bülow“, and others“. Probably in most of the earlier observations it 
was contaminated with erythrodextrins, and hence the discrepancies in 
the published accounts of its reactions. For this substance I have 
retained the name soluble starch as being more descriptive, and not 
committing myself to any hypothesis as to its nature. I have found 
half-saturation with ammonium sulphate the most convenient method 
of separating it from the mixed products of hydrolysis. This I have 
found more convenient and more complete than the method of freezing 
used by Lintner and Diill. 

The de«trins. Among the more important attempts to af 8 
these bodies may be mentioned those of: 

Griesmayer' in 1871 into dextrin I. and dextrin II. 

O'Sullivan“ in 1872 into a-dextrin and §-dextrin, to which 
products Brücke“ in the same year gave the names of erythrodextrin 
and achroodextrin, because of their reactions with iodine. 

In 1878—79 Musculus and Grüber“ described the following series 
of products of hydrolysis of starch—-soluble starch, erythrodextrin, 
achroodextrins a, 8 and y, and maltose. At the same time they stated 
that they had not been able to obtain erythrodextrin pure. 


1 Schulze in 1840. 

* Béchamp. Comptes rendus, XXXIX. p. 653, 1854. 

O'Sullivan. Journ. Chem. Soc. xxv. p. 579, 1872 ; ibid. xxxv. p. 770. 1879. 

Musculus and Grüber. Loc. cit. 

° W. Nägeli. Beitrage zur Kenntniss der Starkegruppe. Leipzig, 1874. 

Lintner and Dill. Loc. cit. 

7 Bülow. Pfluger’s Archiv. uxu. S. 181-155. 1898. 

According to Brown and Morris the amylodextrin of Walter Nägeli is however 
quite a distinct substance ; at any rate its method of production is a somewhat special one. 

* Griesmayer. Annalen 160, S. 40. 

% O'Sullivan. Loe. cit. 

u Brücke. Wien Acad. Ber. [8] 65, S. 126. 

2 Musculus and Grüber. Loc. cit. 
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In the following year, Musculus and Meyer,, in a paper on 
erythrodextrin give it as their opinion that this substance is in reality a 
mixture of soluble starch and achroodextrin, in varying proportions. 

In 1890 Scheibler and Mittelmeier“ investigated some of the 
properties of erythrodextrin, especially its phenyl-hydrazine compound, 
but state that they regard erythrodextrin as a series, and that no 
method of separation of its members is known. 

In 1893 Lintner and Düll“ in studying the action of diastase on 
starch described the following series of products, amylodextrin, ery- 
throdextrin, achroodextrin, maltose and isomaltose. 

In 1895 the same authors investigating the products of hydrolysis 
of starch by oxalic acid described the following series: 

Amylodextrin, giving a blue reaction with iodine, and corresponding 

to the soluble starch of other authors. 

ErythrodextrinI., giving with iodine a “ red-violet” reaction. 

ErythrodextrinII a, giving with iodine in dilute solution a pure 

red-brown reaction, blue if concentrated, especially if H,SO, 
is present. In dilute solution only the red-brown coloration 

appears. This is of great importance as distinguishing it from 
soluble starch. 

ErythrodextrinII g, giving with iodine a pure reddish-brown, even 

with concentrated iodine in the presence of sulphuric acid. 
_ AchroodextrinsI and II. 

Maltose and isomaltose. 

The results of my own experiments seem to be strikingly similar to 
those obtained by Lintner and Dull by the alcoholic method, since my 
products agree with theirs sufficiently closely in reaction ; I have however 
not been able to obtain sufficient of the second exsthrodextiin to get the 
iodine reaction they describe with it. Most of my own experiments 
were complete before I was aware of Lintner and Diill’s observations 
and are therefore free from bias on that account. 

In 1895 Bülow“ obtained a soluble starch with somewhat different 
properties to that described by the last authors, but this is possibly due 
to the method of preparation he used, viz. heating with potash. 

In the same year Ost“ discussing whether the erythrodextrins 


1 Musculus and Meyer. Zeit. physiol. Chem. Iv. S. 451, 
2? Scheibler and Mittelmeier. Ber. d. Deutsch. chem. Gesellschaft, 1890, S. 3060. 
Lintner and Dill. Ibid. XXVI. S. 2523, 1893; ibid. xxvim. 2, S. 1522. 1895, 
Bülow. Loc. cit. 

5 Ost. Chemiker Zeitung, xIx. S. 1504. 1895. 


ex 
q 
— 
7 
. 
‘ 
* 
a 
~ 
— 
— 
q 
— 
> 
3 


412 | R. A. YOUNG. 


described by Lintner and Dull are pure individuals, says that in his 
opinion they are purified as far as possible with our present methods, 
but that he holds the view of Musculus and Meyer as the correct one 
with regard to erythrodextrins—that they are not chemical individuals, 
but mixtures of soluble starch and achroodextrins—that is, that all 
dextrins are achroodextrins. 

This view, in the light of my own experiments, seems to me no 
longer tenable, and I hold it as definitely proved that these are true 
erythrodextrins. Musculus and Meyer’s conclusion was probably 
due to the fact that their soluble starch was incompletely purified and 
contained erythrodextrins. 

As to whether the products obtained by Lintner and Diill and 
myself are chemical units, it is impossible to say at present. On 
theoretical grounds it is highly probable that there is a long series of 
intermediate dextrins between soluble starch and maltose, and it is 
quite possible that any or all of the products obtained are themselves 
mixtures. 

I have been unable to investigate the maltodextrin described by 
Herzfeld’ and subsequently investigated by Brown and Morris’. 
Lintner and Diill regard it as one of the achroodextrins. 


IV. Glycogen. 


Solutions of glycogen, usually about 1% in strength, were made by 
dissolving finely powdered glycogen in hot water and filtering. The 
solutions were in all cases strongly opalescent and gave the ordinary 
glycogen reactions. 

Glycogen is completely precipitated at ordinary temperatures by :— 

ammonium sulphate, 
sodiomagnesic sulphate, 
magnesium sulphate. 

It is not precipitated by half-saturation with ammonium sulphate, 
nor by complete saturation with sodium chloride. 

It is not precipitated by saturation with sodium sulphate at the 
| 3 room temperature, nor at 100° C., but is readily and completely 


_# precipitated by saturation at 33° C., as the following experiment shows. 


Some glycogen solution was taken in a flask, and sodium sulphate 
added to saturation, the solution remained opalescent and no trace 


1 Herzfeld. Ueber Maltodextrin. Halle, 1879. 
2 Brown and Morris. Journ, Chem. Soc. xiv. 527. 1885. 
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of precipitation occurred. It was then put into a. water bath and 
gradually heated to 33°C., more sodium sulphate being added. As 
more and more salt dissolved, the solution gradually became turbid, 
and in a very short time large flocculi were thrown down. The mixture 
was then filtered on a warm-water filter at 33°C.—the filtrate was 
found to be quite clear, non-opalescent and glycogen free. 

In a repetition of the same experiment, instead of filtering it was 
allowed to stand and cool, some of the sodium sulphate soon crystallised 
out, and after a very little while the glycogen had all redissolved. 

The fact that glycogen can be completely precipitated by salts 
differentiates it from the erythrodextrins, of which only the earlier ones 
are precipitable; erythrodextrinIII, which gives the nearest iodine 
reaction, not being precipitated. 

I have found ammonium sulphate a very ready and rapid means of 
separating glycogen from its solutions, and the precipitate is flocculent 
and easily filtered off. 


V. Inulin. 


Inulin dissulves readily in water on heating. It first swells up, 
then dissolves and forms a solution which can be filtered easily. The 
experiments on this substance are more difficult since there is no colour 
test for inulin. Inulin itself gives no reduction with Fehling’s 
solution, and one has to test for it by converting it into levulose by 
boiling with dilute acid. 

Inulin is not precipitated by saturation with sodium chloride, nor 
by sodium sulphate at 33°C. 

Both magnesium sulphate and ammonium sulphate throw down a 
finely flocculent precipitate from inulin solutions; this precipitate 
when collected, washed and tested gives the inulin reactions, but the 
filtrate is not inulin free, so that precipitation is only partial. 

Magnesium sulphate acts more readily than ammonium sulphate in 
precipitating inulin; if however the precipitate be filtered off in the 
latter case, a still further precipitation occurs on allowing the filtrate to 
stand for some days, but even then precipitation is not complete. 


VI. The Iodine Reaction. 


At first I used two different solutions of iodine and compared the 
results obtained—one, a solution of iodine with potassium iodide in 
water, of a colour rather darker than sherry; the other a solution of 
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iodine in alcohol, of the same colour. The colorations obtained with 
the two solutions were very closely similar, except that those with 
alcoholic iodine are nearly always darker in tint than those obtained 
with the potassium iodide solution—eg. a solution giving a reddish 
purple with the latter, would give a deeper purple, or a violet with the 
former. The potassium iodide solution gives the reaction more readily, 
so that the colorations described are those obtained with that solution, 
which I have used much more than the alcoholic solution. 

It is very important to use a dilute solution, and to add it carefully 
drop by drop, not only to be able to appreciate the difference in colour, 
but also to be able to watch the sequence of colour, when a mixed 
reaction is obtained ; for instance, when soluble starch is present in an 
erythrodextrin solution. In such a case it is an advantage to use a 
solution of iodine so weak as to be only faintly tinged, for a reason which 
will appear a little later. At the outset it was important to determine 
whether the presence of neutral salts affected the iodine reaction, and 
therefore control experiments were made with iodine and solutions of 
the carbohydrates containing more or less of the salts used, and in 
the case of some of the precipitates the salt was dialysed away and 
the reaction compared with solutions containing salt. In no case did 
the presence of salt interfere with the reaction, except that in 
saturated solutions the iodine compound was frequently precipitated 
very shortly after its formation. So far from hindering the iodine 
reaction many neutral salts favour it. I have often found that in 
salt-free solutions several drops of iodine solution have to be added 
before any coloration is obtained, while solutions containing salt as 
a rule give it at once. | 

Meineke’ has investigated the action of a large number of neutral 
salts on the blue reaction of iodine with starch, and finds that it is the 
exception for them not to favour the reaction i.. it is easier to obtain 
the reaction in their presence, sometimes very much easier. He finds 
that the soluble metallic iodides are the most effectual, then the 
chlorides, and then the sulphates. He also investigated the influence 
of the quantity of salt on the reaction, and determined for each salt the 
proportion which gives the greatest intensity of the reaction. The 
presence of the salts only very rarely influences the colour of the 
reaction. 


Similarly with glycogen, the presence of salts does not hinder the 


1 Meineke. Chemiker Zeitung, xvi. S. 157. 1894. 
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reaction; Kiilz' and Vogel state that the coloration with iodine is 
obtained more readily after the addition of sodium chloride; Nasse“ 
also states that the glycogen reaction is increased by sodium chloride, 
ammonium chloride and sodium. acetate. 

Concerning the significance and value of the iodine reaction and its 
use as a means of identification and separation there is considerable 
difference of opinion. 

Mylius“ regards the so-called “iodides” as definite compounds, 
and says that a soluble inorganic iodide is a necessity for their 
production, and that hydriodic acid enters into the molecule of the 
iodide of starch which he represents as (C. H. O. I). HI. . 

Duclaux“ deprecates the use of iodine as a distinguishing reagent, 
and quotes Musculus’s observations on soluble starch to show that the 
reaction varies with the concentration. In the light of my observations 
and those of Lintner and Dill there can be little doubt that the 
soluble starch of Musculus and Grüber contained some erythrodextrin, 
which would account for the variations described. On the other hand 
one must allow that the iodine reactions show considerable variations 
in colour, according to the solution of iodine used, and to the condition 
of the iodide compound, whether in solution, or in the form of a 
precipitate. There is certainly, however, a substance giving a blue 
coloration with iodine, which is blue under all circumstances; this 
substance is soluble starch ; another gives a mahogany-red with iodine 
when in solution, which I have called erythrodextrinIII. 

The intermediate substances give iodine reactions of less constant 
and definite colours, and it is certain that they have not been obtained 
in so pure a condition. 

Again, all the iodides can be precipitated by salts, and although 
their colour in the precipitated condition may be different from that in 
solution, yet on re-solution they give the same coloration, and present 
all the properties of the original iodide before precipitation. 

The iodine reaction of each substance may now be considered 
separately. 
Starch—gives a blue coloration and precipitate. On heating, the 
coloration disappears first, the precipitate later. On cooling, the Llue 
coloration only retufns unless more iodine is added. If the precipitate 


1 Küls and Vogel. Zeit. Biologie, XXII. G. 108. 1895. 
Nasse. Pfliger’s Archiv, xxxvu. S. 582-606. 1885. 

* Mylius. Berichte d. Deutsch. chem. Gesellschaft, xx. S. 688. 
* Duclaux. Ann. Institut Pasteur, vin. 863-867. 1894. 
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be filtered off, the soluble iodide can be readily precipitated by. salts— 
especially ammonium sulphate, and by sodium sulphate on standing, and 
even by sodium chloride ; thus the iodide is more easily precipitated 
than starch itself. 

Soluble starch. One obtains a clear, bright blue solution if pure 

soluble starch be tested with iodine: this can be readily precipitated as 
a fine blue powder by ammonium sulphate. If soluble starch be present 
in a mixture with erythrodextrins it seems to have a much greater 
affinity for the iodine than the latter, which do not give any red 
coloration till the soluble starch is saturated. If a very weak solution 
of iodine be added carefully drop by drop to such a mixture, one obtains 
a pure clear blue at first, even when there is only a very small quantity 
of soluble starch present, and a very large quantity of erythrodextrin ; 
as more and more iodine is added, the coloration passes through purple 
or violet to a dark red or to a reddish brown, in which no trace of blue 
can be detected. It is obviously important to add the iodine very 
carefully or to use a very dilute solution, otherwise the preliminary 
blue may be overlooked. 
This reaction I have confirmed by mixing small quantities of soluble 
starch with erythrodextrin solutions. It has been of great value, for if 
with any product I obtain a mixed reaction beginning with blue, I have 
at once inferred that it is a mixture of erythrodextrins with more or 
less soluble starch according to the intensity of the initial blue reaction. 
This fact was observed by Brown and Heron’, who state that erythro- 
dextrin has a less affinity for iodine than either soluble starch or 
achroodextrin; Lintner and Diill also emphasize the great affinity 
of soluble starch for iodine. 

ErythredextrinI. A solution of this substance was prepared from 
either commercial erythrodextrin, or a starch digestion by saturating 
with magnesium sulphate, washing with saturated magnesium sulphate 
solution, dissolving the precipitate obtained in water, and removing 
the soluble starch by half-saturation with ammonium sulphate. The 
filtrate gives a bright reddish purple coloration (almost magenta), with- 
out any preliminary blue, no matter how carefully the iodine be added. 
This iodide is precipitated on saturating with ammonium sulphate 
as a darker reddish purple precipitate. : 

ErythrodextrinII. Prepared by saturating the mixed products 
with magnesium sulphate, filtering off the soluble starch and erythro- 


1 Brown and Heron. Journ. of Chem. Soc. XXXV. p. 641. 1879. 
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dextrinI. so precipitated, and then further saturating with sodium 
sulphate at 337 C. 

A solution of the precipitate so obtained gives a reaction with 
iodine varying from bright reddish purple to mahogany red. I have 
only been able to separate small quantities of this substance, and 
cannot therefore be certain of its purity. It is of course possible that 
it may be chiefly made up of erythrodextrinI. which has escaped 
precipitation by the magnesium sulphate, this is however I think 
improbable as I have saturated with magnesium sulphate as many as 
three times before using the sodium sulphate. 

Erythrodeatrin III. The filtrate after saturation with ammonium 
sulphate of commercial erythrodextrin, or of a starch digestion giving 
red or purple with iodine, invariably gives a pure reddish brown 
(mahogany) coloration with iodine. If the salt be not dialysed away 
previously, the iodine compound is rapidly precipitated, the following 
being the sequence of events—the red brown solution becomes opaque, 
turbid, brownish black or even greenish in tint, and on standing a dark 
blue precipitate is thrown down. If this be collected on a filter and 
dried it goes reddish brown again; if the dried substance be then 
dissolved in water it gives a blue solution, which instantly changes to 
the red brown characteristic. of this erythrodextrin, the solution now 
behaving as an ordinary solution of iodide of erythrodextrinIII. 
These variations are probably due to variations in the hydration of 
the substance. 

Glycogen gives the well-known reddish brown or port wine color- 
ation with iodine, very closely similar to that of erythrodextrinIII. It 
disappears on heating, reappears on cooling, and is readily precipitated 
by salts, completely by ammonium sulphate at ordinary temperatures 
and sodium sulphate at 33°C., partially by magnesium sulphate, and 
not at all by sodium chloride or sodium sulphate in the cold. 


VII. Theoretical considerations on salt precipitation. 


Two chief suggestions have been put forward to endeavour to 
explain the precipitation of colloids by neutral salts—the first, that 
a loose compound of the salt and the colloid is formed and that this 
compound is insoluble. | 

There seems to be no direct evidence of such a combination, and 
the well-known facts that the properties of the precipitated substance 
are not in any degree altered by the precipitation and that it dissolves 
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in water again as readily as the original substance, and dissolves again 
on dilution of the solution from which it was precipitated, tend to 
negative this hypothesis, or at least to indicate that if such a com- 
bination occur it is an exceedingly loose one. 

The second suggestion, and that most generally adopted by those 
observers working with neutral atte, is that the precipitation depends 
on the ‘ water-attracting power or ‘water-withdrawing power of the 
salt used. 

The salts are thus supposed to withdraw the means of solution 
from the colloid, which is hence thrown down, and the process is 
regarded as analogous to the dehydration of alcohol by potash, and 
the driving off of dissolved gases by the addition of salts. 

As far as I have been able to discover, Nasse“ first adopted this 
hypothesis, though he suggested that the former of the two theories 
was the more likely in the case of carbohydrates. | 

Pohl“ in his work on the gums adopted the water-attraction 
hypothesis, and developed it by suggesting that the power of being 
precipitated is a function of the size of the colloid molecule, in the 
sense that bodies which are easily precipitated have a larger molecular 
weight than those which are precipitated with difficulty or not at all. 

The disadvantage of this theory is that the chief method of 
investigating “water-attraction power” is by studying the precipi- 
tating power on colloids, or in other words, we know very little more 
of the properties of the salt upon which water-attraction power depends 
than of the process of colloid precipitation itself. 

The problem of the salt precipitation of colloids may with advantage 
be considered from two points of view: first, regarding the colloid 
solution, and its power of being precipitated, and endeavouring to find 
any factors associated with it; secondly, regarding the salt and its 
power of precipitating, which we may provisionally call, water-attracting 
power. 

The nature of colloid solutions is not known, it hes been suggested 
that in them the solvent deals with little masses‘ instead of with 
molecules as in ordinary solutions; according to another view they 
are intermediate between emulsions and true solutions, They sel 


1 Wasserattractionsvermigen, Nasse; Wasserentsichende Kraft, Hofmeister; Wasser- 
anziehende Kraft. | 

2 Nasse. Pfliiger’s Archiv, XII. S. 504. 1887. 

Pohl. Loc. eit. 

Mieellar-· lungen (N iigeli). 
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widely in their solubility, some like starch forming pastes, or very 
viscid solutions, if the term solution may be applied to them at all; 
others like soluble starch, being readily dissolved by gentle heat, 
yielding clear,. non-viscid, non-opalescent solutions, which however 
are easily supersaturated and deposit the substance on standing 
or cooling to 0°C. Concerning the relation between this property 
and the precipitability by salts it seems that the more easily soluble 
the colloid, the less easily is it precipitated. This is well seen 
in the increasing difficulty in “salting out” the members of the 
following series—starch, soluble starch, the erythrodextrins. It also 
seems highly probable that the capacity of being salted out of solution 
varies with the molecular weight, in the sense that the greater the 
molecular weight of the colloid, the more easily is it precipitated. 

It is also of interest to determine in this connection whether 
crystallised proteids differ from the ordinary forms in their relations 
to neutral salts. Osborne’ has shown that the crystallised globulins 
derived from plant tissues, like Brazil nut, castor-oil bean, and hemp 
seed are not precipitated by saturation with sodium chloride, but are 
completely precipitated by saturation with ammonium sulphate, and 
either partially or completely by magnesium sulphate, that is, though 
not so easily precipitated as ordinary globulins, they are still capable 
of precipitation. These results were confirmed by Chittenden and 
Mendel’ for the phytovitellin of hemp seed. 

Concerning the precipitating power or water-attracting power of 
salts, large numbers of observations have been made, including those 
of Nasse (loc. cit.) and of Halliburton’, who. investigated the action 
of a large number of salts on the proteids of serum. The most 
laborious observations are those of Lewith‘ and Hof meister“ in the 
course of an extensive series of experiments into the physical and 
physiological actions of salts. Hofmeister concludes that salts of 
monobasic acids possess a smaller water-attracting power than that 
of dibasic acids and those of higher basicity; and that in the case of 
monobasic acids. it gets less with increasing molecular weight, and the 
influence exerted by the bases is practically the same for an equivalent 
of the alkalies, magnesium and calcium. 


1 Osborne. American Chem. Journ. xtv. p. 672. 

2 Chittenden and Mendel. This Journal, XVII. p. 50. 1894-1895. 
2 Halliburton. This Journal, v. 173. 1884. 

4 Lewith, Archiv f. exper, Path. u. Pharm, XxIv. S. 1. 1888. 


Hofmeister. Ibid, xxv. 8. 27, 1889; summarised by v. Limbeck, ibid. xxv, 
8. 74. 1889. ; 
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My own observations have led chiefly to negative conclusions. 
There seems to be no relation between power of precipitation and 
the following factors—water of crystallisation, molecular weight of the 
salt, and the solubility, as the appended table shows“. 


2 Water of — anh eg Solubility 
starch. Salt. crystallisation. at 18. 
Complete Am,SO, 132 742 
Complete MgSO, 7 H,O 120 33°8 
Partial §Na,SO, 10 H, 0 142 13°20 (50°76 at 33°C. ) 
Partial K,80, 174 10°3 
Nil NaCl 58°5 35°9 
Nil KCl 74˙5 33-4 
Nil NH. Ol 53°5 35˙2 
Nil KI 166 140˙2 


At present no satisfactory explanation of the process of salt precipi- 
tation has been given. It is possible that the osmotic pressures of the 
dissolved substances may be a factor in the process. Van't Hoff“ 
suggests that the osmotic pressure of a dissolved substance may possibly 
be regarded as the expression of a “ SERIES power,” and a 
similar suggestion is made by Arrhenius’ with regard to the variations 
in concentrated solutions. 

It is interesting to note that Pfeffer‘ found the osmotic pressures 
of the colloids dextrin and gum very low in comparison with those of 
the salts he investigated. 


VIII. GENERAL SUMMARY. 


The general results of my work may be cen actin briefly as 
follows: 

1. The salt precipitation method can be quite as easily applied to 
the colloid carbohydrates as to proteids. 

2. It can be used as a method of separating them from one another, 
quite as easily as the alcohol and freezing methods, and yielding results 


1 Comey’s Dictionary of Chem. Solubilities. London, 1896. 
2 Van’t Hoff. Zeit. f. physikal. Chem. 1. 8. 485. 

3 Arrhenius, Ibid, X. B. 64. 

Pfeffer. Osmotische Untersuchungen. Leipzig, 1877. 
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which are interesting to compare with the results obtained by those 
methods. 

3. Ammonium sulphate and magnesium sulphate are the most 
generally useful salts. Sodium sulphate at 33°C. is a precipitating 
agent of great power, and is sometimes very convenient. 

4. None of the crystalline carbohydrates are precipitated by neutral 
salts, but crystalline compounds of the sugar and certain salts can be 
prepared. 

5. Starch and soluble starch are both very readily precipitable by 
salts, and this method affords a ready means of separating them from 
the later products of hydrolysis. 

6. Erythrodextrin is a series of bodies quite distinct from either 
starch or the achroodextrins, in opposition to the views of Musculus and 
Meyer, and of Ost. 3 

7. Of the erythrodextrins, one at any rate is not precipitated by 
salts; the precipitate obtained by saturation of mixed erythrodextrins 
can be fractionated into two. 7 

8. These three products, which I have distinguished as e ex- 
trins I, II, and III, give reactions closely similar to the products obtained 
by Lintner and Düll by other methods. 

9. Achroodextrin gives a very slight precipitate on saturation with 
ammonium sulphate but it is doubtful if this is actually achroodextrin. 
At any rate the main bulk of the achroodextrins are not precipitable by 
salts. 

10. Glycogen is readily and completely precipitated by neutral 
salts, especially by ammonium sulphate, or by sodium sulphate at 33°C. 
Either of these methods affords a ready means of obtaining it from its 
solutions, and distinguishing it from that erythrodextrin which gives the 
most closely similar reaction with iodine (erythrodextrinIII) 

11. Inulin is partly precipitated from its solutions by magnesium 
sulphate and ammonium sulphate, the former being more active in this 
respect. 

12. All the soluble iodine compounds of starch, soluble starch and 
the erythrodextrins are precipitated by salts as a rule more easily than 
the original carbohydrate. 

13. The colour of the iodine compounds varies with the concentration 
of the iodine, and with the state of the compound itself whether solid 
or in solution. 

14. Soluble starch gives blue with iodine under all conditions, and 
has a greater attraction for the iodine than the erythrodextrins, so that 


PH. XXII. 29 


— 
* 
* 
4 


* 


422 R. A. YOUNG. 


a small trace of it can be detected even in the presence of a large excess 
of erythrodextrin, if the iodine solution used be weak, and added carefully 
drop by drop. 

15. One of the erythrodextrins (erythrodextrinI,) gives a red-purple 
coloration with iodine after all the soluble starch has been removed. 

16. There is no evidence as to the existence of a combination of 
the colloid precipitated and the salt precipitating. 

17. The colloid precipitating power or “ water-attracting power of 
a salt does not seem to depend on its molecular weight, nor its solu- 
bility. 


February 12th, 1898. 
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HYDROLYSIS OF GLYCOGEN. By M. CHRISTINE TEBB. 


(From the Physiological Laboratory, King’s College, London.) 


Most of the researches which have been carried out on the hydrolysis 
of glycogen have been directed towards determining the nature of the 
final product. In the case of hydrolysis produced by acids, the final 
result is dextrose’; in the case of hydrolysis with enzymes* there are 
differences ; thus ptyalin, amylopsin and malt diastase produce maltose, 
mixed with more or less of an isomeric sugar with the same reducing 
power, called isomaltose; the liver enzyme“ and that obtained from 
blood- serum? produce dextrose. In the formation of sugar from starch 
there are intermediate substances, the dextrins. These substances are 
probably numerous, and their characters are variously described by 
different investigators. There stand out, however, three principal 
members of the dextrin group, viz.—amidulin or soluble starch, erythro- 
dextrin and achroodextrin. These dextrins, like the original starch and 
unlike the final sugars, are precipitable by alcohol; the dextrins which 
are formed last requiring a higher percentage of alcohol to cause their 
precipitation. 

The question now arises in connection with glycogen whether a 
similar chain of dextrins exists there also; and of the numerous papers 
which I have consulted I can only find two which touch on this point. 
One of these is by Musculus and von Mering“, the other by Seegen“. 
The former paper describes an achroodextrin which has some reducing 
power on Fehling's solution; this was obtained by the action of malt 
diastase and saliva on glycogen prepared from liver by Brticke’s 


Max Cremer, Zeitschr. f. Biol. xxx1. p. 181, 1894. This observer confirms the older 
workers in finding that the principal end product is dextrose. He also found a small 
quantity of isomaltose. 

* For recent work see Kiilz and Vogel. Ibid. p. 108. 

Pa vy, Physiology of the Carbohydrates, 1894. 

4 Bial, Pfliiger’s Archiv, II. p. 187. 1892. 

5 Zeitechr. f. physiol. Chem. II. p. 408. 1876. 

Pfliiger’s Archiv, XI. p. 106. 1879. 
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method. Seegen acted on glycogen with saliva, pancreatic juice 
and acids, and in addition to the final result (sugar) obtained two 
dextrins; one, an achroodextrin which appears when opalescence 
disappears, and which is changed into sugar by the further action 
of the ferment or acid; and the other, which he calls dystropo-dextrin, 
appears after prolonged action, and is not further changed into sugar. 
No observer, so far as I can discover, has described an erythro- 
dextrin stage during the transformation of glycogen to sugar. . 
The colour which erythrodextrin gives with iodine is so much like 
that which glycogen gives with that reagent that the detection of 
either in the presence of the other is a matter of difficulty. Some 
recent work by R. A. Young’ in this laboratory has however provided 
a new method of separating the two substances. He has found that 
whereas glycogen is completely precipitated by saturating its solutions 
with such neutral salts as sodium sulphate at 33°C. or ammonium 
sulphate, the final erythrodextrin, obtained by the hydrolysis of starch, 
remains in solution. I have therefore, at Prof. Halliburton’s sugges- 
tion, attempted a reinvestigation of the subject. I have acted on 
glycogen with acids and ferments; I have paid attention to the 
intermediate dextrins rather than to the final products of the hydro- 


lysis ; and in the separation of the dextrins I have used the new method 
of Young. 


Action of dilute acids on glycogen’. 

In these experiments I have used dilute hydrochloric acid and 
also dilute sulphuric acid. When the action continues for a short time 
there is evidence of the existence of two members of the dextrin group, 
which correspond to the substances obtained in the early stages of the 
hydrolysis of starch; one of these corresponding to soluble starch I 
propose to call soluble glycogen ; the other is erythrodeatrin. 

The following experiments will serve as typical of a number per- 
formed. 

(i) Four grammes of glycogen were dissolved in 200 c.c. of boiling 
water and 200 C. c. of boiling 2 per cent. hydrochloric acid were added. 
The opalescence became less at once ; and in three minutes the contents 
of the flask were clear. After rapid cooling the fluid was neutralized 
with caustic soda; it was still perfectly clear, gave a good red colour 


Proc. Physiol. Soc. Feb. 18, 1897. This Journal, xxt.; also zn. 1898, p. 401. 
The glycogen I used was obtained from mammalian liver. 
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with iodine and reduced Fehling’s solution. After concentration to a 
small bulk on a water bath at 100°C., the fluid was dialysed in presence 
of thymol into running water until free from sodium chloride. This 
took forty-eight hours. A clear, yellowish fluid was left. This was 
heated with crystals of ammonium sulphate till the latter began to 
recrystallize ; a gummy precipitate then began to separate out, and was 
collected with a glass rod. The precipitate consists of the substance 
I propose to call soluble glycogen. The fluid, after filtration, was again 
heated with fresh ammonium sulphate at 100° C., cooled, and filtered so as 
to ensure entire precipitation of the soluble glycogen. The filtrate was 
dialysed for two days into running water, in presence of thymol, con- 
centrated, and again dialysed for a day. This removed all the am- 
monium sulphate. It was once more concentrated, and on the addition 
of alcohol a white flocculent precipitate came down. This was collected 
on a filter and dried below 100° C. It consists of an erythrodeztrin. 

The precipitate of soluble glycogen collected on the glass rod 
in the manner above described was dissolved in water and gave a 
perfectly clear solution. In order to get rid of as much erythrodextrin 
as possible, the soluble glycogen was repeatedly (four times) precipitated 
with ammonium sulphate and redissolved in water. The aqueous 
solution was then treated with spirit, and the gummy precipitate 
collected on a glass rod, dissolved in water and dialysed for two days. 
It was then once more precipitated with strong spirit and the white 
flocculent precipitate collected and dried below 100° C. 

The following table shows the main characters in which the 
substances under investigation resemble and differ from each other: 

Saturation with 


ppears on 


precipitate no precipitation cooling 


from — 

(ii) The same result was obtained when sulphuric acid (1 per cent.) 
was used instead of hydrochloric acid. 

(iii) By the more prolonged action of acid on glycogen the clear 
fluid after the lapse of a certain time (1} to 2 hours) ceases to give any 
colour with iodine, but it nevertheless contains a dextrin, which is 
precipitable by alcohol, and is therefore an achroodextrin. This 
confirms the previous statements of Musculus and von Mering and 
of Seegen. This dextrin is not precipitated by saturation with am- 
monium sulphate. 
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Having, by the use of large quantities of glycogen, obtained a good 
supply of soluble glycogen, erythrodextrin and achroodextrin, I pro- 
ceeded to investigate the amount of alcohol necessary to precipitate 
each. In addition to this I performed analogous experiments with 
the similar intermediate products of the hydrolysis of starch. I 
obtained at first somewhat irregular results, and found that the cause 
of the irregularity was variation in the temperature of the room, heat 
increasing the solubility of the carbohydrate. From June 28th to 
July 20th I repeated my experiments and worked in a room of which 
the temperature varied but little, from 65° to 68°F. and may be 
regarded as fairly constant. The following statement of the amount 
of alcohol necessary for precipitation is therefore true for this tempe- 
rature only. | 

Starch paste? begins to get cloudy when 5 per cent. of alcohol is 
present; it is entirely precipitated when the percentage of spirit is 
raised to 27. 

Soluble starch begins to get cloudy with 12 per cent. of alcohol, and 
it is entirely precipitated when the percentage of spirit is raised to 60. 

Erythrodeatrin (Voung's Erythrodextrin iii.), prepared from com- 
mercial dextrin by Young’s ammonium sulphate method, and dialysed 
free from the salt, begins to be precipitated with 45 per cent. alcohol ; 
most is precipitated when 70 per cent. of alcohol is added ; but the last 
traces do not come down until 90 per cent. of spirit is present. 

The following are the numbers obtained in a similar way by experi- 
ments with glycogen and its dextrins. 

Glycogen. The opalescence of the solution renders the commence- 
ment of precipitation rather difficult to observe; but when 35°5 per 
cent. of alcohol is present the solution is distinctly more cloudy, and 
when the percentage reaches 37 a precipitate separates out at once. 
Glycogen is almost entirely precipitated by 50, and completely by 55 
per cent. of alcohol. ; 

Soluble Glycogen. The first permanent cloudiness appears when 44 
per cent. of alcohol is present, and the substance is entirely precipitated 
when the percentage is raised to 50. 

Erythrodeatrin from glycogen. The first permanent cloudiness 


appears when 44 per cent. of spirit is present; but the substance is not 


entirely precipitated until the percentage reaches 90, though most of it 
comes down at 80 per cent. 


' Starch paste was rendered clear by allowing a 1% solution to stand in a tall vessel 
24 hours; the upper portion of the fluid was then found to be quite clear. 
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Achroodeatrin from glycogen begins to be precipitated by about 65 
per cent., and is completely precipitated by 90 per cent. of alcohol. 
These numbers may be compared in the following table. 


Percentage of aleohol necessary to 

its products precipitation 
Starch paste 5 27 
Soluble starch 12 60 
Erythrodextrin 45 90 
G and its 

cogen 35°5 55 

uble glycogen 44 50 
44 90 
Achroodextrin about 65 90 


We see from this table that there is a progressive increase in the 
amount of alcohol necessary to produce precipitation as the hydrolysis 
proceeds. The close agreement between the erythrodextrin from starch 
and that from glycogen is also noteworthy ; it would however be unsafe 
in the present state of our knowledge concerning the constitution of 
these substances to be certain that the two are identical. 


Action of Amylolytic Enzymes (Ptyalin, Amylopsin, Malt-diastase) 
on Glycogen. 


In this part of the investigation I have used dilute saliva prepared 
in the usual way, Benger's Liquor Pancreaticus' and malt-extract*. I 
have performed a large number of experiments and never had any 
difficulty, when the solution became clear, in detecting and collecting 
an achroodextrin the properties of which are similar to that obtained 
by the use of acids; but I have generally failed to obtain any 
evidence of the formation of either soluble glycogen or erythrodextrin. 
In fact the liquid ceases to give any iodine reaction before its opales- 
cence entirely disappears“. 

Mr Benger. 


* This was made by extracting 10 grammes of ground malt with 50 c. c. of water at 
50°C. for 3 hours. 

* The presence of the proteid in the extracts to some extent masks the iodine reaction; 
the addition of egg albumin acts similarly; excess of iodine is necessary under these 


circumstances, But even allowing for this possible source of error the above statement is 
correct. 
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I have used glycogen solutions of different degrees of strength; I 
have varied the amount of enzyme added; I have stopped the process 
after short and long intervals by boiling. In order to isolate the 
resulting products I have attempted fractional precipitation by alcohol, 
and I have used methods of precipitation by ammoniuin sulphate 
and sodium sulphate; the use of sodium sulphate involves a little more 
trouble than the use of ammonium sulphate since the saturation and 
subsequent filtration must be performed at a temperature of 33°—34° C., 
the temperature of maximum solubility of the salt; but, as Dr Young 
pointed out to me, it gives more trustworthy results. 

But in nearly all cases the result so far as soluble glycogen and 
erythrodextrin are concerned has been a negative one. I have some- 
times observed a trace of reddish colour on adding iodine after the 
removal of all glycogen; but this colour was not constantly produced, 
and the substance to which it was due was certainly not present in 
sufficient quantity to make further study of it possible. 

One is therefore driven to the conclusion that the earlier products 
of hydrolysis are so rapidly formed and so evanescent that it is not 
possible at present to isolate the substances in question. In this the 
action of amylolytic enzymes differs markedly from that of mineral 
acids. 

Dystropo-deatrin. This name was given by Seegen to a variety 
of achroodextrin which is not further convertible into sugar. I find 
that dilute acid acts on a solution of glycogen less readily than on 
starch-paste of the same strength, but in both cases there is ultimately 
complete disappearance of all substances which are precipitable with 
alcohol; in other words there is no dystropo-dextrin. 

With amylolytic enzymes however it is different. If saliva be 
added to glycogen, and digestion allowed to go on in a flask for several 
days, there always remains some dextrin which has not been converted 
into sugar. In one experiment I allowed 5 grammes of glycogen in 
1 per cent. solution to digest 5 days with saliva; the dextrin was then 
precipitated by alcohol to remove the greater part of the sugar and 
redissolved in water; it was treated with fresh saliva for 4 days, and 
after a second precipitation with alcohol, and subsequent solution in 
water, the dextrin was again digested with saliva during 6 days. Thus 
the whole period of digestion was 15 days; and yet there was a con- 
siderable quantity of dextrin which was not converted into sugar. 

The circumstances of the experiment prevented any attempt at 
accurate estimation of the quantity of dextrin obtained by each 
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precipitation with alcohol; but I believe that the quantity obtained 
at the first precipitation (after 4 days of salivary action) was not 
much if at all greater than that obtained at the end of the experiment. 

That this dystropo-dextrin is a different substance from the 
achroodextrin formed in the earlier stages of hydrolysis is shown by 
the fact that more alcohol is necessary to precipitate it than is 
required to precipitate the achroodextrin formed in the earlier stages 
of hydrolysis. A specimen of the achroodextrin obtained from digestions 
which had lasted from a few hours to a day began to precipitate in 
solutions containing from 45 to 50 per cent. of spirit; specimens of 
the achroodextrin (dystropo-dextrin) obtained from digestions which 
had lasted for several days did not come down until 64 to 66 per cent. 
of spirit was present. 

Analogous results were obtained with saliva and starch paste. 
Starch however is acted on by saliva more readily than glycogen, and 
the second form of achroodextrin (dystropo-dextrin) is produced from 
starch in a shorter time than is required to cause disappearance of the 
first variety from digested glycogen. The alcohol precipitation of the 
first variety commences at 45, and of the second variety at about 
68 per cent. 

Corresponding results were obtained with pancreatic extract. I 
have however done most of my work with saliva because it contains 
so little proteid material. 

Throughout all such prolonged experiments thymol or chloroform, 
usually the latter, was employed to render the mixtures antiseptic. 


Action of the Liver Enzyme on Starch and Glycogen. 


By extraction with glycerine, Claude Bernard? obtained from liver 
a ferment which converts glycogen into sugar, but he did not describe 
the properties of the sugar. Miss Eves“ extracted from liver a ferment 
which is active on both starch and glycogen, and states that the product 
of action was certainly not dextrose, but a sugar of less reducing power; 
she considers it very probable that she was dealing with the ordinary 
amylolytic ferment (converting starch and glycogen into maltose) 
obtainable from most tissues of the body. 

In some work which I did with Dr L. E. Shore’s cooperation in 
Cambridge in 1893, I used a method which is different from that 


Comptes Rendus, uxxxv. p. 519, 1877. 
2 This Journal, v. p. 342. 1884. 
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employed by other observers, and was suggested by some experiments 
of Brown and Heron’. 

A preliminary account of my results has already been published’. 
Pig’s liver was rapidly dried at 35°—40° C. and finely shredded, and the 
sugar present initially or which had formed after death was removed 
by dialysis. The shredded tissue was then added to solutions of starch 
and glycogen and digestion allowed to go on at 37°C. for periods 
varying from 4 to 22 hours. The resulting sugar was removed by 
extraction with alcohol or by dialysis. Digestion was always carried 
on in neutral or faintly alkaline media and chloroform was used as an 
antiseptic. In some specimens of the liver the blood had been washed 
out previously to drying, but this made no difference in the result. 
The result in all cases was that dextrose was formed; it was identified 
by its osazone. 

The following may be taken as a typical experiment. Ten grammes 
of dried liver, free from blood and sugar, were allowed to act on a 
solution of glycogen for 22 hours. The sugar produced was removed by 
dialysis, and on adding phenyl hydrazine to a portion of the dialysate, 
typical crystals of phenyl glucosazone were obtained. The reducing 
power of another portion was estimated ; and after boiling the solution 
with 2 per cent. hydrochloric acid the reducing power was found to have 
increased but slightly—in the ratio 65 to 68. This change I attributed 
to admixture with a small amount of dextrin or possibly maltose. In 
the light of the experiments I have recently performed, the presence of 
dextrin seems to be the more probable explanation, especially as I have 
found dried liver“ to be active in converting maltose to dextrose. 

Extracts of the dried tissue were also made by soaking it in a 5 per 
cent. solution of sodium sulphate; and these were found to be active in 
the same way. : 

The following experiment is typical of several I have performed. 

Fifty grammes of dried liver (pig) was soaked at 37°C. in 300 c.c. 
of 5 per cent. sodium sulphate for 19 hours, when by means of centri- 
fugalization and subsequent filtration a clear yellow fluid was obtained. 
This was dialysed for two days, when it was found to be free from sugar. 
Of this extract 50 cc. were added to 50 c.c. of 4 per cent. glycogen 
solution and digestion was allowed to go on for 21 hours at 37 C. 


1 Roy. Soc. Proc. xxx. p. 393. 1880. 


Proc. Cambridge Philosophical Soc. vim. p. 199. 1894. 
5 This Journal, xv. p. 426. 1894. 
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The digested fluid yielded, with phenyl hydrazine, crystals of dex- 
trosazone. 

The sugar was separated by concentrating the fluid on a water-bath 
and treating with rectified spirit. After evaporating off the alcohol 
and taking up the residue with water, the reducing power of the fluid 
was determined, and again after boiling with 2 per cent. hydrochloric 
acid, which showed an increase in the ratio of 4 to 3; hence some of the 
sugar originally present must have been dextrose, 

Since the publication of these experiments, the subject has been 
brought into prominence by the appearance of Pavy’s work on the 
Physiology of the Carbohydrates. Noél Paton confirms Pavy’s 
statement that the final product is dextrose; and Bial“ has arrived 
at the same conclusion. Pavy and Bial are both inclined to the view 
that an enzyme is responsible for the change. Noél Paton’, in his 
most recent contribution to the controversy that has arisen, asserts that 
no amylolytic enzyme can be extracted from the liver after death. In 
this connection, I would call attention to the fact just stated that I 
have found sodium sulphate extracts of the dried liver active in con- 
verting glycogen and starch into dextrose. 

I also find in my notes (Aug. 21st, 1893) an experiment which 
confirms Pavy’s statement concerning the activity of liver coagulated 
by alcohol. The note describes a specimen of dog’s liver, dried and 
shredded, and two months and a half later placed under alcohol where 
it remained for six months. It was at the end of this time found to be 
active in converting starch and maltose into dextrose. 

In the experiments I have been performing lately I find that the 
livers, which I had dried and bottled five years ago, still produce the 
same effect so far as the final product (dextrose) is concerned. I have 
also investigated whether or not dextrins are formed as intermediate 
products. Using the methods previously described I found distinct 
evidence of the presence of erythrodextrin in the early stages of hydro- 
lysis of glycogen ; but though this substance is present more constantly 
than in the cases where saliva, pancreatic extract and malt extract are 
used, its amount is extremely small, so that I was not able to investigate 
its properties further, Achroodextrin is also formed, but owing to the 
presence of some proteid it was difficult to determine the percentage of 
alcohol necessary to cause the commencement of precipitation. Very 


1 Noél Paton. Philosophical Transactions, vol. 185, p. 233. 1894. 
2 Bial. Pfliiger’s Archiv; Lv. p. 484. 1894. 
3 This Journal, XXII. p. 183, 1897. 
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prolonged digestion of either starch or glycogen by the liver fails to 
transform the whole of the dextrin into sugar; in other words we have 


in this instance also distinct evidence of Seegen's dystropo-dextrin. 


SUMMARY. 


1. In the hydrolysis of glycogen produced by mineral acids, inter- 
mediate substances of the dextrin class are formed, which may be 
termed soluble glycogen, erythrodextrin and achroodextrin. The final 
sugar formed is dextrose, and prolonged hydrolysis converts all the 
intermediate dextrins into sugar. 

2. The intermediate dextrins may be separated by Young’s salt 
saturation method, which is a valuable means of discriminating between 
erythrodextrin on the one hand and glycogen and soluble glycogen on 
the other. : 

3. In the hydrolysis of glycogen, produced by the amylolytic 
enzymes of saliva, pancreatic extract and malt extract, the only dextrins 
which could be separated in amount sufficient to work with subse- 
quently are of the achroo-variety. Though by the use of Young’s 
ammonium sulphate or sodium sulphate method occasional evidence of 
the presence of a small quantity of erythrodextrin was obtained, the 
earlier products of the hydrolytic process are as a rule so rapidly changed 
that it was not found possible to isolate them in amount sufficient for 
subsequent study. 

4. In the case of the liver enzyme, the intermediate dextrins 
resemble those produced by the amylolytic enzymes, except that a 


small amount of erythrodextrin is constantly found in the earlier stages 


of the hydrolysis of glycogen. The liver enzyma differs from ptyalin, 
amylopsiu and malt-diastase in the nature of the final product obtained, 
which is, chiefly at least, dextrose and not maltose. - 

5. By the prolonged action of the enzymes enumerated above a 
form of achroodextrin (called by Seegen, dystropo-dextrin) is produced 
which resists further conversion into sugar. This requires for the 
commencement of its precipitation a larger percentage of alcohol than 
that required for the precipitation of the achroodextrin formed in an 
early stage of the hydrolytic process. 


February 17th, 1898, 
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ON INTERMITTENT STIMULATION OF THE RETINA. 


PART II. By O. F. F. GRUNBAUM. (Five Figures in 
Text.) 


Section I. Observations on Fusion. 
” II. ” ” the Talbot-Plateau law. 
1 III. Theories of Fusion. 
„ IV. Appendix on simultaneous contrast. 


Section I. 


Towarps the end of Part I. a somewhat unexpected result of obser- 
vations with intense stimuli was stated; in Section I. of this paper the 
experiments upon which that result was based will be given. 

The method of experiment was exactly similar to that adopted for 
observations with moderate stimuli, except that an arc lamp of the 
Brockie-Pell type replaced the incandescent lamp. That lamp when 
properly adjusted and burning carbons of good quality, maintains the 
difference of potential between its terminals within 2%, and gives a 
light the intensity of which varies but slightly more. 

To prevent direct vision of the light, which would have caused 
positive after-images of considerable duration, the lamp was placed 
in a box in one side of which a circular hole had been cut. 

When making a series of observations, it is essential that the eye 
shall be in as nearly as possible a similar condition throughout that 
series, otherwise fatigue may become a factor which will modify the 
nature of the resulting curve. To eliminate this, an attempt was made 
to fatigue the eye slightly and to approximately the same extent, 
before each observation: this was accomplished by gazing at a bright 
surface for ten seconds and then at the field under observation. If a 
discontinuous sensation did not result during the first three seconds, 
fusion was said to have occurred. 

A limit of time of observation is required, for if an intensely but 
intermittently illuminated field be gazed at for some time, until fatigue 


1 This Journal, XXI. p. 396. 1897. 
PH, XXII. 31 


Vo 
q 
a 
‘Ss 
‘ 
> 
4 
* 
— 


— — 


434 0. F. F. GRUNBAUM. 
is induced, a discontinuous sensation may result, while to a less fatigued 


eye fusion would have occurred. 


The bearing of this observation upon the theories of fusion will 
be considered later. 

The eye was rested for at least two minutes between each obser- 
vation, in a room lighted by diffuse daylight. 


Taste I. 


Exp. IV. Source of light, Brockie Pell arc. Zero of Nicol’s, 0° 00’. 
Distance from aperture to disc, 6 om. Distance from disc to screen, 6 cm. 
Breadth of sectors removed, 6 cm. Breadth of sectors remaining, 6 cm. 
Aperture, 5mm. Ratio 12:1. 


Flicker sin? Fusion ein“ 
Frequency appears 4 occurs 4 

25 0“ 8’ 00000132 

29 0° 16’ 00000529 

32 0° 52’ 0000570 

35 1° 16’ 0001155 

37 1° 36’ 000513 

46 3° 36’ 001604 . 

51 4° 36’ 002376 82° 2455 

53 5° 30° 003300 60˙ 1836 

54 7° 40’ 005556 56° 1676 

56 8˙ 32’ 006972 50˙ 1421 
II. 


Exp. V. Ratio of sector-breadth to diameter of aperture 4:1. Other 
conditions same as in Exp. IV. 


Angle at which sin? Angle at which ein- 

of al Flicker appears “4 ‘Flicker disappears 

40 2° 28’ 000462 

44 3° 36’ 000986 

48 4° 36’ 001608 65° 2016 

52 738 00384 62° 1910 

56 8° 28’ 00540 55° 1636 

60 10° 36’ 00846 49° 1380 

64 11° 36’ . 0101 44° ‘1160 

68 12° 40’ 0120 38˙ 0740 

72 14° 52’ “0164 25° 0412 


Tables I. and II. are but samples of the results obtained; the inter- 
mediate numbers however cannot be supplied from other series of 


| 
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observations for two reasons, (1) the observer's’ variation from day 
to day is not inconsiderable, (2) the current supplied to the lamp 
was not the same on every day. 

I attach but little importance to the values of the very low 
intensities, since the amount of light passing two Nicol’s prisms which 
are very nearly at right angles to one another does not vary directly 
as the square of the sine of the angle between them. 

The main facts to which I wish to draw attention are however 
well illustrated. 

On increasing the intensity of intermittent stimuli a rapid increase 
in frequency is necessary at first to produce fusion; after a certain 
frequency has been attained a further increase in intensity does not 
necessitate a further increase in frequency, this has been shown by 
Bellarminow“ and surmised by Haycraft*: but on still further 
increasing the intensity of the stimuli fusion occurs with a 
decreased frequency. 

Taking the actual numbers of Exp. IV.; at a frequency of 51 alter- 
nations per second an intensity of slightly more than 002376 is required 
to produce a sensation of an intermittent nature, and this results with 
that frequency until an intensity of 2455 is reached, an intensity, more 


1 It will be advisable to point out that the rate of repetition of retinal stimulation 
necessary to produce sensory fusion varies in different individuals, indeed individual 
variation is great in this respect. In my own case practice has considerably increased 
this frequency. 

To illustrate individual variation, I record observations by W. M. S., who was experi- 
enced in observations in physics, but fresh to work of this nature. 

Rothe’s coloured papers illuminated by two 16 c. p. lamps at one foot distance, were 
observed through a tube at the end of which a black semicircle was rotating: 2— 
by W. „ 


Observer: W. MS. O. F. F. G. Observer W. M. S. O. F. F. G. 

Colour Frequency Frequency Difference Colour Frequency Difference 
Red 35 40 12 / Light Blue 38 39 18% 
Orange 38 48 20 „ Dark Blue 29 34 14 „ 
Yellow 40 50 20 „ Violet 81 36 14 „ 
Green 36 46 933 


There is a tendency for the percentage difference to be greater with colours of high 
luminosity than with those which fuse at a low frequency. 

My object in drawing attention to individual variation lies in the fact that if the 
observations recorded be repeated by other experimenters the resultant curves will be 
similar but the actual numbers may vary considerably. 

2 Archiv . Ophthalmolgie, xxv. p. 25. 1889. 

* This Journal, XXII. p. 189. 1897. 
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than a hundred times as great as that necessary, just to produce 4 
discontinuous sensation. 

On increasing the frequency of alternation, the range through which 
an intermittent sensation results is diminished, but in all cases where 
the ratio of sector breadth to the diameter of the aperture is great, 
this range is considerable; with a frequency above 60 per second and 
the above ratio, no discontinuous sensation was obtained, while at 56 
fusion does not occur between intensities 006972 and 1421. 
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Fig. 4. 


On representing the results in the form of a curve we note a rapid 
rise which becomes less steep, followed by a plateau and then a slow 
descent. 

We know that if the eye be subjected to an extremely intense 
stimulus a positive after image of great brilliancy and duration is 
produced, which being in many respects similar to the result of more 


. stimuli in certain pathological cases, we may consider to be 
of a pathological nature; in what part of the curve the transition from 


normal to pathological takes place cannot easily be determined, but 
the intensities recorded never produced positive after- images of long 
duration. 

Dr Rivers was good enough to make some number of observations 
for me, but as the experiments seemed to tire his eyes rapidly, only 
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parts of series are recorded, and those happen to be with different 


units of intensity of light. 


Taste III. 


Observer, Dr Rivers. 


Flicker 
Frequency appears 
187 48’ 
225 2° 36’ 
263 3° 
300 3° 8’ 
375 4° 
Ratio equal 
61 2° 
80 2° 20’ 
118 2° 50’ 
150 4° 20’ 
171 5° 


Other conditions the same as in Exp. IV. 


Fusion sin“ 

occurs 4 
41° 107 
32° 0702 
15° 12’ 0171 
14° 0146 
64° 2016 
56° ‘1718 
39 0989 
35° 0821 
34° 0781 


The observations show that the length of the plateau decreases as 
the ratio of sector breadth to the diameter of the aperture approaches 


unity. 


On altering this ratio results similar to those described in 


Pt. I. are obtained. The most satisfactory way of diagrammatically 
representing this, is by keeping the intensity of stimulus constant 


and varying the ratio. 


Exp. VI. 


Greater 58 


Very great 50 


Go 


1 
6 
4 
3 
1 
1 
10 
6 
4°5 
3 
2 
7° 
4- 
2: 
2 
1 


— 
sin? 4 
“4 
000049 
000513 
000638 
000745 
001214 
000302 
000414 
000610 
001425 4 
001896 
Taste IV. 
1 Frequency of Ratio of sector-breadth 1 
Intensity alternation to diameter of aperture 
Moderate 43 
44 
49 7 
53 
112 
225 
60 4 
68 
98 1 
200 
56 
62 
76 4 
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The curves obtained by taking the frequency of alternation as 
ordinates, and the sector-breadth divided by diameter of aperture 
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Fig. 5. 


as abscisse, show that the greatest effect of this ratio is when the 
stimulus is of that intensity at which fusion does not occur until 
a very high frequency is attained when the ratio is unity. 

Curve a results from observations with moderate stimuli, y with 
somewhat greater, and g with very intense stimuli. 


Secrion II. 


The Talbot-Plateau law. 


The absolute accuracy of the Talbot-Plateau law was questioned 
by Fick? in 1863, who adopted the same method of investigation as 
Plateau“ had devised some years earlier. 


1 Reichert’s Archiv, p. 789. 1868. 
Pogg. Annalen, xxxv. p. 457. 1885, 
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White discs with different angular sectors of black were rotated 
in a dark room some distance in front of a white screen of the same 
surface as the white discs: a lamp was placed behind the observer and 
adjusted until the screen and disc matched, the relative physical 
luminosities of the screen and disc would be represented by the 
reciprocal of the square of their distances from the lamp. 

Fick? found that the luminosities of the rotating disc measured in 
this manner did not agree absolutely with that determined by the 
angle of black upon the disc. 


Photometric Angular Discrepancy 
I 664 650 2:7 "J, 
II 30⁵ 286 „ 
III 123 ‘109 1 
IV 086 074 
V 030 032 


All except the last disc were found to produce a sensation of 
greater luminosity than would have been expected from calculation 
of their angular brightness. 

The observer draws attention to the fact that if the error were due 
to reflection from the black surface on increasing the source of error 
the error would increase, but in V. there is the greatest amount of 
black and yet far from the greatest discrepancy. 

More recently Marbe“ has stated several theoretical reasons for 
considering the Talbot-Plateau law inaccurate but has not made any 
direct observations. 

The observations given in the earlier part of this paper led me to 
believe that the law would prove inaccurate when dealing with intense 
stimuli, and seemed to me worth investigation. 

The method I adopted consisted in equalising the apparent 
luminosity of the two halves of a field, one of which was illuminated 
intermittently and the other continuously. 

The luminosity of each half was easily adjusted, and the average 
physical value determinable by an apparatus, an explanation of which 
is most easily accomplished by reference to a diagram. 

The source of light was an arc lamp (A), two mirrors (B) and (C) 
reflect pencils converging towards (H), these pencils pass through 
lenses (E) and (D) to converge the rays, and then through polarisers 
J and (0) in order that their intensities can be regulated by analyser 


1 loc. eit. 
2? Wundt Philosoph. Stud. xu. p. 279. 1896 and rx. p. 884. 1 
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(K), after they have been deflected into parallelism by prisms (J), 
between the lamp and mirrors, sheets of ground-glass were intercepted. 


II 
— 
Fig. 6. 
| 
| 


The size of the field was regulated by an iris diaphragm ; an artificial 
pupil (P) insured the correct position of the observer's eye. The faces 
of the analyser (K) were parallel and normal to its axis of rotation: 
this prevented unequal reflection on its rotation. | 

The experiments were conducted as follows: 

The analyser was placed in a definite position ¢°, and one polariser 
F was turned into a position of total extinction, the analyser was then 
turned to ¢ +90’ and a black disc (R) from which a definite number 
of sectors of known angles had been removed was rotated between 
C and F. 

Polariser G was turned until the halves of the field were approxi- 
mately equal. After removal of the disc, the axis of G was determined 
by rotating the analyser to 6° where extinction occurred. 
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Now on turning the analyser to 2 2 2 the two halves of the field 


were found to be equally illuminated when the apparatus was set up 
symmetrically: if this were not the case, the necessary alteration in 
position of lenses or mirrors was made. 

The rotating disc (R) was then replaced, and the analyser turned 
until equality of the two halves was attained. Practice was found 
necessary to distinguish small differences in luminosity. 

By careful arrangement of screens (S) and unstinted use of black 
paint, the half of the field which was intermittently illuminated 
appeared quite black when a sector of the disc was cutting off direct 
light from it: by contrast with the lighted half naturally the depth of 
the black appeared great, but even if a certain amount were reflected 
from the disc, it is fair to suppose that a certain definite fraction would 
be reflected, in which case, comparative results would not be vitiated 
in the slightest. 

The usual methods of eliminating experimental errors were adopted, 
such as changing the polarisers, working at various parts of the scale, etc. 

The most striking results were obtained by the substitution of an 
incandescent lamp for the arc, care being taken that the position was 
identical and that the plane of the filament of the lamp was 
perpendicular to the face of the analyser. 

Few observations are recorded here since I intend adopting the 
method for investigation of the nature of the waning of sensation 
after intense stimulation, by utilising discs with varying proportions 
removed, 


Exp. A. Position of extinction of right half, 107°. Position of extinc- 
tion of left half, 72°. Disc has six sectors each of 10° removed. 
Speed of rotation just sufficient to cause complete fusion. 
Positions of apparent 


equality of luminosi 


Source of light: Are lamp Are lamp 9 

Observer: W. H. R. R. O. F. F. G. O. F. F. G. 
51° 20 51° 20’ 82° | 
47° 50° 50’ 82° 10’ 
47° 50° 81° 50’ l 
53° 51° 10’ 82° 
52° 30’ 52° 82° 
51° 40’ 51° 82° . 
53° 50° 81° 30’ 
53° 51° 82° 
52° 50° 81° 20’ | 

Mean 31“ 3’ 50° 42’ 81° 54’ * 


— 
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From these observations the following results are obtained. 

When the source of light was an arc lamp but the position of the 
prisms such that the amount of light passing was but small, the 
average physical value of the intermittently illuminated field was 3 
[sin (107° — 81° 54’)] 0300 while that of the continuously illuminated 
was sin? (72° — 81° 54’) = 0296 a difference of 1:3 °/, which is within 
the limits of experimental error. 

On making observations with more intense stimuli we obtain the 
value }[sin*(107° — 51° 3’)] 1144 for the intermittently illuminated 
part and sin’ (72° — 51° 3’) 1278 for the other, a difference of 12 %, 
while from the other series of observations 4 [sin (107 50° 42’)] 1157 
and sin?(72° — 50° 42’) = 1307, a discrepancy of 13 %, these are dis- 
tinctly beyond the error due to observation. 

The position of the analyser in most cases was such that any 
movement of it did not decrease the intensity of illumination of one 
half of the field and increase that of the other, but decreased or 
increased both halves, but not in the same ratio; this accounts for the 
comparatively large variation in the observations. 


Exp. B. Source of Light: Incandescent Aro -—_—s—s Incandescent 
Points of Extinction: 107 & 72° 59° & 96° 59° & 96° 
52° 32’ 37° 39° 
52° 10’ 37° 39° 20’ 
52° 8’ 36° 38° 
51° 50’ 36° 39° 
52° 10’ 37° 38° 40’ 
52° 38° 39° 
51° 50’ 38° 38° 30’ 
52° 20’ 37° 39° 
52° 38° 39° 
53° 37° 38° 
Mean 52° 18’ 37° 6 38° 42’ 


The numbers resulting from Exp. B, are for the incandescent lamp 
§ lein (107° — 52° 180 111 and sin (72° — 52°18’) = giving a 
difference of a little less than 3 %, 

With the arc lamp }[sin* 96° — 37° 60 = 1222 and sin*(59° — 37° 6’) 
= ‘1390, a difference of 14%, while if an incandescent lamp replace the 
arc we obtained 4 [sin*(96°— 38° 42')] 118 and sin (59°—38° 42’) = 119, 
a difference of little less than 1 °/,. 

In tabulating the results the absolute values of the light would 
increase the value of the observations, but as above mentioned the 
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intensity of the lamp varied from day to day and hence the numbers 
are given with an indication of the luminosity. 


A 
intermittent — oontinuous luminosity 
Luminosity measured physically cally Discrepancy 
300 296 13 % 
118 119 ” 
278 283 18 „ 
111 114 ” 
1278 
Strong 156 1307 13, 
1222 1390 oe 


It seems that the Talbot-Plateau law is correct for low intensities, 

but with intense stimuli the intermittently illuminated field appears 
to be considerably lighter than its physical value. I am inclined to 
think that this shows that the positive after-image plays an active 
part in increasing the apparent luminosity of an intermittently 
illuminated surface, but when the intensity is small, the effect it 
produces is very slight. 
The apparatus used for the above work lent itself excellently for 
repetition of the experiments published in Pt. I., for if the fine flicker seen 
were due to any other cause than intermittent illumination of the field, such 
as vibration etc., or was a purely subjective phenomenon’ the half of the 
field illuminated continuously should have presented a similar appearance 
when its intensity was equal to the other half. This was not found to be 
the case and the results confirmed those already published. 


Section III. 


Two main theories have been suggested to explain the fact that 
intermittent retinal stimuli repeated above a certain frequency give 
rise to a steady sensation. 

The older, which I shall in future style the “persistence theory,” 
seems to have been suggested by d Arcy' in 1765 and maintains 
that a steady sensation results from intermittent stimuli, when the 
intervening periods do not exceed the time of duration of the positive 
after-image of undiminished brightness: in fact, attempts were made 
by this observer to determine this quantity by noting the minimum 


1 Burch. Proc. Physiol. Soc. p. xxvii. 1897. (This Journal, xx1.) 
2 Mem. Akd. Sci. p. 489. 1765. 
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frequency with which a burning coal must be rotated in order to pro- 
duce a sensation of a ring of fire; 0°133 secs. was his estimation. 

All subsequent writers, Plateau, Talbot, Helmholtz, etc. adopt 
d’Arcy’s view, Fick’ being the first to suggest an alternative. This 
author accepted Exner's“ conclusion, that if the eye be exposed to 
black after having been stimulated by light, there is at first a rapid 
fall in the brightness of the positive after-image, which then more 
gradually disappears; the curve representing the decrease and dis- 
appearance being of exactly a similar nature to that representing 
the growth of sensation produced by a white stimulus. 

Fick diagrammatically represented the sensation resulting from 
intermittent stimulus by a serrated line, the abscissa being the time- 
relation and the ordinates the strength of sensation, and pointed out 
that if the frequency become great, the amplitude of oscillation of 
sensation diminishes until a frequency is reached at which a continuous 
smooth sensation results. 

It is surprising that writers after Fick's explanation did not adopt 
his view, since even if Exner’s statement that under normal conditions 
the duration of the after-image of undiminished brightness is infinitely 
short, be disallowed, nevertheless the persistence-theory seems unsatis- 
factory ; 2 to illustrate this I cannot do better than quote a passage from 
Rood’s* Modern Chromatics. 

“The duration of the sensation of light or the duration of the 
impression of the retina, as it is called, varies with the intensity of 
the light producing it, and in the case of white paper is not by any 
means so great as with the coal of fire. According to an experiment 
of Helmholtz the impression on the retina lasts in this case with 
undiminished strength about m of a second; hence it is necessary 
for the disc to revolve 48 times per second in order to produce the 
appearance of a steady uniform ring of light. While as just stated 
the impression lasts for J sec., its total duration with decreasing 
strength is greater, being perhaps as high as 3 sec., though the interval 
varies with the circumstances and is a little difficult of determination. 

“It is not however to be supposed that in the experiment the 
ring of white light will have the same luminosity as its source, viz. : 
the slip of white paper on the black disc ; on the contrary the luminosity 
of the ring will be much feebler than that of the source. The reason 


1 Hermann’s Handbuch, m1. p. 215. 1879. 


601. 1868, 11, p. 240. 1870. 
p. 207. 1879. 


| 
| 


RETINAL INTERMITTENT STIMULATION. 445 


is quite evident: we have virtually spread out the light of the spot 
over a much larger surface and it will be proportionately weaker, if 
the surface of the ring is one hundred times as great as that of the 
spot, then the luminosity of the ring will be Fee one hundredth 
that of the spot.” 

Assuming that the statements are correct the reason seems to me far 
from obvious. Remembering that the “duration of the impression with 
undiminished strength lasts u sec.” and the disc rotates 48 times per 
sec., if the duration of exposure of the stimulus be sufficient for it 
to produce its maximum sensation, we should be led to suppose that 
the resultant ring would be as bright as its source, while if the duration 
of exposure be too short for the maximum sensation to be developed, 
then protracted observation would produce a gradual increase in the 
brightness of the ring owing to a summation of stimuli. 

Again, it was on the above theory that Charpentier’ in 1887 
drew the conclusion from observation on intermittent retinal stimu- 
lation that “the persistence of the impressions of luminosity decreases 
when the light increases and vice versa.” 

Contrast the statement with that of Helmholtz“, “the greater 
intensity of the primary light the greater is the brightness of the 
positive after-image and the longer does it last.” 

If curves were plotted to represent the relation of intensity of 
primary light to the duration of after-image, the intensity being the 
abscissa and duration the ordinates, upon Helmholtz's view the 
curve would start from the zero point and gradually rise, the exact 
nature is not known as direct determination of length of after-image 
offers insuperable difficulties: according to Charpentier with very 
small luminosity we should have an after-image of long duration 
which would gradually decrease as the luminosity increased, in fact 
the one curve would be the mirror image of the other. 

Fick’s theory at first sight seems to be subject to grave objections. 

A serrated line the ordinates of which are proportional to the 
intensity of sensation, while the abscisse to time represents diagramma- 
tically a smooth steady sensation, ie. alterations in sensation occur of 
which we are not conscious: of this we are well aware, for if we can 


determine the value of stimulus & to 75 then stimulus 24 will not 
be distinguishable from æ, therefore the range of the serrated line may 


1 Compt. Rendus Soc. Biolog. Series vin. Tom. 1v. 1887. (Several papers.) 
2 Phys. Optik. p. 608, 18968. e 
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be a certain fraction of the ordinate: without stipulating here whether 
the zero be represented by the sensation of black or a gray of certain 
luminosity. 

Another and more serious objection lies in the fact that red and 
green or blue and yellow, if of the same luminosity, fuse at a very 
low frequency of alternation: on the assumption that red light is a 
stimulus for katabolism and green for anabolism one would expect their 
alternation to behave in a way similar to that of white and black. 

Since coloured light may be considered to be composed of 


(1) Wave length (vibration frequency)—affects tone. 
(2) Amplitude —affects brightness. 


(3) Dilution with light of man : 
vibration frequency 
Tone and brightness have no inherent connection, We may re- 
present recorded observations diagrammatically by a modification of 
Lambert’s suggestion; alterations of sensation of luminosity being 
drawn in a vertical plane and those of tone in a horizontal one. 


A 


Fig. 7. 


On the assumption that the frequency of alternation necessary to 
fuse stimuli varies as their vertical separation, the scheme satisfies 
Rood’s’ conclusion: “the sensation called flickering is independent of 
wave-length and is connected with change of luminosity,” since stimuli 
in the same horizontal plane are of the same luminosity and fuse at 
a low frequency. Fig. 7 represents the alterations of sensation pro- 
duced by alternating dull red with bright green, KH is the resultant 


American Journ, of Science, xuv1. p. 178. 1893, 
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gray, while curves abedef in plane ABCD record the variations in 
sensation of luminosity and curves afyde in plane EFGH alterations 
in tone. 


Now let us consider what light Fick’s a ier throws upon 
the observations recorded above. 


Fig. 8 A, represents the alterations in sensation at a frequency 
of alternation of moderate stimuli at which fusion just occurs, eg being 
the time of exposure of the stimulus, and cd the range of apparent 


constancy, which will vary in magnitude with the intensity of the 
resulting sensation ba, since from Weber's! law it will be a definite 


fraction of that sensation. On slightly decreasing the frequency, that 


1 It is interesting to note that some alteration in magnitude of range of apparent 
constancy with moderate intensities seems well borne out by the observations of Marbe, 
(Wundt, Philos. Studien, rx. p. 398) who found that if dises consisting of various ratios of 
black and white be rotated, fusion occurred at a slightly lower frequency on the pre- 
ponderance of white, and draws the conclusion that Fusion occurs at 2 lower frequency 
of alternation if the time of exposure of the more intense stimulus predominate, than if 
that of the lesser predominate.” 

This increase in range of apparent constancy would be easily calculable if black were 
the absence of stimulus. Hering considers black to be a sensory stimulus in virtue of 
simultaneous or temporal contrast: Marbe states that it is a stimulus of reconstitution 
of that material which is decomposed by white light; while Sherrington (This Journal, 
XXI. p. 50, 1897) believes and has indirectly shown that black may not be considered the 
absence of stimulus which the ‘‘ persistence-theory” assumes. 

There is a considerable amount of evidence for considering black as a stimulus, but 
great difficulty is met on attempting to determine the gray which most nearly approaches 
the absence of stimulus, since its luminosity differs under varying condition of the 
surroundings of the observer’s eye. 

Some of the evidence may be briefly stated. 

We know that as the intensity of a visual stimulus increases in geometrical progression, 
the time taken for its maximum sensation to be produced decreases arithmetically (through 
a short range). If a curve be drawn with the times as ordinates and intensities as abscisse 
and compared with that which may be deduced from Hayeraft's (This Journal, xxl. 
p. 189, 1897) curve, they are found to coincide for some distance, proving that the increase 
in range of apparent constancy must be minute when the intensities vary considerably but 
are feeble. 

On noting the mean variation when gray discs are matched, we find that the 
variation divided by the luminosity of the diso does not result in à constant which would 
be expected if Weber’s law held true and black were the absence of stimulus. 


Mean variation of 
Angle of white 40 obs. 100% white 


24° 225 92 
60 4¹⁸ 60 
167° 622 4⁰ 
324° 2 
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is increasing eg, the sensation would pass beyond cd and a discon- 
tinuous sensation result. On increasing the strength of stimulus the 
up curve would assume a greater average steepness, as shown by Exner, 
and the sensation would become discontinuous if it passed beyond the 
range of apparent constancy, which would also be slightly increased. 


7 
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Now it has been seen that by a sufficient increase in the intensity 
of the stimulus a decrease in frequency may occur without destroying 
fusion, this may be explained in one of two ways. 

(1) That at first the increase in the average steepness of the up 
curve is greater than the increase in magnitude of the range of apparent 
constancy; gradually the rate of increase of both becomes equal and 
then the latter increases more rapidly than the former. 

(2) The explanation of the rise is the same as above, but the plateau 
and descent are due to the positive after-image which so modifies the 
decrease in sensation of light on exposure to black that the sensation 


wanes more slowly, and does not pass beyond the range of apparent 


constancy, while the stimuli become so intense that the maximum 
sensation is produced while they are still exposed and hence the average 
steepness of the curve is not increased. 
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Fig. 8 B represents the alteration of sensation, based upon the 
latter explanation, which to my mind seems the more probable from the 
following considerations. To a fatigued eye a discontinuous sensation 
resulted when intense stimuli were used, at a frequency at which to a 
fresh eye fusion had occurred. We know that the positive after-image 
is of a less pronounced character to a fatigued eye than to a fresh eye, 
while it is scarcely probable that the range of apparent constancy would 
be greater for the latter than the former. Again, we have seen that 
the Talbot-Plateau law does not hold for intense stimuli. Fig. 8 B 
represents a resultant sensation ba’ of a greater brightness than its 
physical value, which agrees with the recorded observations on that 
question. | 


Secrion IV. APPENDIX. 


Some months! ago the effect of simultaneous contrast upon the 
frequency of alternation necessary to fuse moderate stimuli was investi- 
gated by me, the method adopted consisted in altering the ratio of the 
time that the eye was exposed completely to light or darkness and the 
transition period. 

In that paper two kinds of flicker were distinguished, which more 
recently Schenk“ has recognised and termed Flackern“ and “Flim- 
mern, corresponding to ordinary or “coarse flicker” and “fine flicker” 
or molecular movement respectively. This experimenter has made 
observations on discs similar to those designed by Sherrington® to 
show areal induction, and concludes that if the ring-bands be observed 
separately and closely, disappearance of fine flicker occurs in both at 
the same speed of rotation. Bearing this in mind I have repeated 
observations upon the original discs and can but confirm Sherrington’s 
results: that if the physiological difference of two visual stimuli be 
increased by simultaneous contrast, a greater frequency of alternation 
is required to produce their fusion, that if the physiological difference 
of the same too physical stimuli be decreased by the same method. 
By fusion I mean disappearance not only of coarse flicker but fine 
flicker as well. 

It must be noted that if the ring-bands be examined separately and 


1 This Journal, XXI. p. 396. 1897. 
2 Pfliiger’s Archiv, uxvut. p. 32. 1897. 
8 This Journal, XXI. p. 87. 1897. 
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the eye be placed very close, little if any of the background will be 
seen, and thus the effect of simultaneous contrast may be greatly dimin- 
ished or even absolutely eliminated. 


Summary or Parts I. Au) IL 


1. The ratio of sector-breadth to the diameter of the aperture 
through which observations are made is an important factor in 
determining the frequency at which fusion occurs. 

2. On increasing the intensity of an intermittent stimulus beyond 
a certain point, a further increase in intensity allows a decrease in 
frequency without destroying the sensation of fusion. 

3. The Talbot-Plateau law does not hold for intense stimuli. 

4. Fick’s view of fusion of alternating stimuli throws more light 
on the nature of the phenomenon than the “ persistence-theory.” 


To Prof. Foster and Prof, Sherrington my best thanks are due for 
permission to use their laboratories, and to the latter not only for his 
assistance at the beginning of the research, but also for his advice 
during its procedure. To Dr Rivers I am indebted for some ob- 
servations and much helpful criticism. 


Erratum. Part I. Vol. XII. p. 401, 9 lines from bottom, for “the ratio becomes 
unity read “the second term of the ratio ete.” 
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ON UROBILIN. PART II. THE PER-CENTAGE 
COMPOSITION OF UROBILIN. By F. GOWLAND 
HOPKINS, M.B, BSc, FIC, ann ARCHIBALD E. 
GARROD, M.A. M. D., F. R. C. P. 


Section VII. The Hydrobilirubin of Maly. 
Section VIII. Combustion analyses of Urinary and Fecal Urobilin. 
VII. The Hydrobilirubin of Maly. 

Ir was originally our intention to have commenced this second part of 
our paper with a discussion of the various artificial products resembling 
urobilin which have been obtained by the action of chemical reagents 
upon bilirubin and hematin, but the study of these products proved of 
such complexity and the work expanded so much as it progressed that 
we find ourselves compelled to relegate the discussion of this subject to 
yet a further instalment and to content ourselves with presenting, on 
the present occasion, the results of the elementary analysis of urinary 
and feecal urobilin. | 

Nevertheless it seemed to us to be necessary to give some account, 
at this place, of one of the most important of the artificial products 
referred to, viz.:—that obtained by Maly’ by the action of sodium 
amalgam upon bilirubin—because Maly believed that he had obtained 
by this means a substance identical with urinary urobilin (a view which 
has met with very wide acceptance), and because this is the only 
member of the group of which elementary analyses are forth- 
coming. 

Several observers (MacMunn, Thudichum, Disqué, Eichholz) 
who have repeated Maly’s experiments have questioned the identity of 
hydrobilirubin with urobilin, and Disqué in particular has maintained 
that the process employed is not capable of yielding a pure product. 
Disqué* and Eichholz“ have further shown that when the action of 


1 Centralb. f. d. med. Wissensch. rx. p. 369. 1871. Ann. der Chemie u. Pharmacie, 
p. 77. 1872. 

2 Zeitechr. f. physiol. Chemie, n. p. 259. 1878-79. 

This Journal, XIv. p. 326, 1898. 
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sodium amalgam is allowed to proceed beyond the stage indioated by 
Maly a product is formed which resembles the urinary pigment more 
closely. 

It will appear then that in this connexion two distinct questions 
present themselves for consideration. In the first place, is the hydro- 
bilirubin which Maly prepared and analysed identical with urobilin ? 
and if not, is it possible to obtain urobilin by the further action of 
sodium amalgam upon the product ? 

We have repeated Maly’s experiment many times, using in some 
instances bilirubin which we had ourselves prepared from human 
gall-stones and from bovine gall-stones (for a supply of which latter we 
would express our hearty thanks to Dr Lewis Jones), and in other 
instances with pure bilirubin obtained from Herr Merck of Darmstadt. 
When the action of sodium amalgam was allowed to proceed to the 
stage indicated by Maly there was obtained, on acidification with 
hydrochloric acid, a precipitate of purple flocculi such as he described, 
and which, when filtered off and purified according to his directions, 
conformed in its properties to the published descriptions of hydro- 
bilirubin. 

It will be obvious to anyone reading Maly’s description of his 
product that if the account of the properties of natural urobilin given 
in the first part of this paper be correct the two substances are by no 
means identical. It is true that an acid solution of hydrobilirubin 


shows the absorption band of acid urobilin and that with zine chloride 


and ammonia a brilliant green fluorescence is obtained, but here the 
close resemblance practically ceases. 

Although urobilin is partially precipitated by acids from a con- 
centrated alkaline watery solution it comes down as an impalpable red 
powder and never in large flocculi as hydrobilirubin does. Again, acid 
alcoholic solutions of pure urobilin have a yellow colour, passing on to 
orange and brown on concentration, whereas similar solutions of 
hydrobilirubin appear dark red or purple. Lastly, although Maly’s 
specimens showed only the single band shifted towards red in alkaline 
solution, it has been the experience of several more recent observers, 
ourselves included, that alkaline solutions, and those to which zinc 
chloride and ammonia have been added, show three bands. 

Le Nobel“ obtained this three-banded spectrum with a specimen of 
hydrobilirubin which had been prepared by Maly himself, but this 


1 Arch, f. d. ges. Physiol. XL. p. 501. 1887. 
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observation is open to the objection that the substance may have 
become altered by long keeping. 

More important even than such differences as the above is the fact 
that, as we shall presently point out, combustion analyses of the 
urinary and fecal pigments show that hydrobilirubin and natural 
urobilin differ somewhat widely in their ultimate composition. The 
most striking difference is in the proportion of nitrogen, and as we 
shall show a determination of the nitrogen in hydrobilirubin gave us a 
figure agreeing very closely with that obtained by Maly. 

We are thus driven to the conclusion that the first of the two 
questions above propounded must be answered in a negative sense, and 
that the hydrobilirubin of Maly, whether it be a definite chemical 
individual or no, is not identical, either in its properties or in its 
composition, with natural urobilin. 

Passing on to the consideration of the further question we may say at 
once that the results which we have obtained by allowing the action of 
sodium amalgam to proceed further agree closely with those of Disqué 
and Eichholz. As the action proceeds the liquid assumes a pale 
yellow colour, the extra alkaline bands disappear and the precipitability 
of the urobilin-like product by hydrochloric acid is conspicuously 
diminished. When acidified, filtered and exposed to the air the liquid 
darkens and the absorption band gains in intensity. The product so 
obtained bears a far closer resemblance to the natural pigment than 
Maly’s hydrobilirubin does. 

If an alkaline solution be acidified with acetic acid the urobilin-like 
substance may be precipitated, as natural urobilin is, by saturation 
with ammonium sulphate. In alcoholic solution with acetic acid it has 
a yellow or orange colour and shows a band like that of acid urobilin, 
with a more intense absorption towards red and a dark shading 
extending towards the violet. 

With ammonia the liquid assumes a pale yellow tint and, as with 
urobilin, the absorption band disappears. On the addition of sodium or 
potassium hydrate to alkalinity the band is seen narrowed and dis- 
placed towards red, and a similar single displaced band is seen with 
zinc chloride and ammonia, accompanied by the characteristic green 
fluorescence. 

We have endeavoured to obtain the product in as pure a condition 
as possible by repeated precipitation with ammonium sulphate and also 
by extraction with ether-chloroform by the method described in Part I. 
of this paper, but we have found that, even with the purest solutions 
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obtained, the tint of the liquid is altered by mineral acids which impart 
to it a distinct reddish tinge. 

The measurements of the several absorption bands above described 
agreed exactly with those of the urobilin band under like conditions, 
and absolutely the only spectroscopic differences observed were that 
with acid solutions the intensity of the band was less than that of the 
band shown by solutions of urobilin of corresponding depths of colour, 
and that its redward border was considerably less sharply defined. 

On the other hand although we have made repeated attempts, 
under the most favourable conditions and with the purest specimens 
which we had at our disposal, to obtain the E band spectrum’ with 
this artificial product, we have never succeeded in doing so. On the 
addition of acid to an alkaline aqueous solution partial precipitation of 
the pigment occurred, but the precipitate was browner than that got 
with natural urobilin. 


Lastly, even the purest solutions do not bear evaporation on the 


1 Since we described the E band spectrum in Part I. of this paper (This Journal, xx. 
p. 125. 1896) it has been independently described by a French observer Saillet (Revue de 
Médecine, xvi. p. 109. 1897) who, being unacquainted with our previous account of it, thus 
independently confirmed our observation. Saillet differs from us, however, in ascribing 
the development of the E band to a chemical rather than to a physical change in the 
pigment, and bases this opinion upon the fact, which he observed, that upon shaking the 
liquid showing the E band spectrum with acetic ether a pink solution is obtained which 
shows still a fresh absorption band near the b line. We have repeated Saillet’s experi- 
ment and can in turn confirm his observation. 

The substance obtained in solution bears a great resemblance to the modified urobilin 
which we have described (loc. cit. p. 189), and the fact that a modified form of the pigment 
is so obtained does not appear to us to be incompatible with our view that the E band, 
which the acetic ether solution does not show, is due to a peculiar physical condition of 
solid urobilin. 

We take this opportunity of expressing our regret that when speaking in Section III. of 
this paper (loc. cit. p. 129) of Zawadski's observations upon the action of calomel upon 
an alkaline solution of urobilin we unwittingly misrepresented his contention. When 
writing the passage referred to, more than a year after our repetition of his experiments, 
we were under the impression that Zawadski regarded the pink colour obtained in the 
alkaline liquid as indicative of the formation of urorosein, whereas it was a product 
extracted by amylic alcohol after the addition of hydrochloric acid that he believed to be 
identical with that substance. 

In our experiments in which we used natural urobilin, and not the artificial product 
which Zawadski employed, the E band spectrum appeared on the addition of a slight 
excess of hydrochloric acid and the amylic extract showed only the urobilin band. No 
product resembling urorosein was obtained. 

Our attention was called to this error by reading a recent paper by Salaskine 
(Archives des Sc. Biologiques St Petersb. v. p. 877. 1897) who likewise failed to obtain 
urorosein by Zawadski’s method, 
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water bath as those of natural urobilin do. Such treatment tends to 
bring about changes, and on redissolving the residues solutions are 
obtained which have a red and in some instances even a green 
colour. 

Hence we are led to the conclusion that by the prolonged action of 
sodium amalgam upon bilirubin a product is formed which presents 
very remarkable resemblances to natural urobilin but which differs 
from it in being decidedly less stable. 


VIII. Combustion analyses of Urinary and Fecal Urobilin. 


In the first part of this paper we described a process for the 
separation of urobilin from urine which we believed to be capable of 
yielding the pigment in a condition pure enough to justify its sub- 
mission to ultimate analysis’. By a modification of the preliminary 
steps this process is rendered available for the extraction of a pure 
product from fes also“. 

It will be seen, on reference to our original description, that after 
a preliminary precipitation of the pigment by a modification of Méhu’s 
method, a procedure is followed which is akin in principle to the well- 
known process of Stas for the separation of alkaloids from organic 
mixtures. The pigment is caused to pass from aqueous solution into 
an organic solvent, and from the latter back again into water, the 
change of solubility necessary for the production of this alternating 
transference being brought about, not, as in the Stas process, by a 
change in the reaction of the solvents, but by the presence or absence 
respectively of ammonium sulphate. Water containing urobilin will, 
if saturated with this salt, yield up the pigment on shaking with 
chloroform or with a mixture of chloroform and ether, whereas in 
the absence of the salt the water again withdraws the urobilin from 
the organic solvent. 

We believe that the effect of ammonium sulphate upon a solution 
of urobilin is, in this respect, largely specific, and its application to 
the separation of this pigment from other urinary or fecal constituents 
results in a highly selective process. 

To apply the method to the extraction from feces it is merely 
necessary to make first an alcoholic extract of the material, to evaporate 
it to dryness and to extract the residue with distilled water. The 


loc. cit, p. 120 b. 2 loc. cit. p. 188. 
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aqueous solution is then treated exactly as is urine. It is unnecessary 
to repeat here the general description of the method which was given 
in the early part of our paper, especially as we have thought it 
desirable to give an exact account of the preparation of each product 
analysed in connexion with the results of the analysis. Certain minor 
modifications of the process were adopted in individual preparations. 

The several products submitted to analysis, whether obtained from 
urine or from feces, agreed exactly in possessing the spectroscopic 
and physical properties which were attributed to pure urobilin in the 
first part of this paper. 

The pigment was obtained in each instance as a brown amorphous 
residue with a characteristic aromatic odour which was shared alike 
by the fecal and urinary products. MacMunn has referred to the 
emission of this peculiar odour as a property of urobilin. All our 
preparations yielded the E band with an ease which is in itself a 
criterion of purity. One property of pure urobilin not referred to 
in our earlier account is its remarkably low melting point. The 
products melted below the temperature of the water-bath and passed 
on cooling into a brittle shellac-like form which is characteristic. If 
a moderately strong solution of the pigment be evaporated at the 
temperature of the water-bath the residue assumes this transparent 
form and the solid substance examined with the spectroscope shows a 


broad band at F. 


Analyses of Urinary Urobilin. 


Product 1. Five litres of the urine of a patient with hepatic 
cirrhosis, which even after great dilution showed a well-marked uro- 
bilin band, were saturated with ammonium chloride. The resulting 
precipitate of ammonium urate was washed with a saturated solution 
of ammonium chloride until nearly free from adherent urobilin. It 
was then found to contain a little uroerythrin (as shown by Thu- 
dichum’s green reaction with caustic alkalies) and it yielded to acid 
alcohol an extract which showed the bands of acid hematoporphyrin 
faintly. 

The filtrate from the urate precipitate was next saturated with 
pure ammonium sulphate, was rendered faintly acid with sulphuric 
acid, and then allowed to stand for two days. A bulky precipitate 
settled and was filtered off. The filtrate was found to contain an 
abundance of urochrome. 
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The precipitate was washed with a saturated solution of ammonium 
sulphate until the washings were colourless, was dried in air and 
extracted with successive quantities of cold distilled water until no 
more pigment went into solution. A small quantity of a brown sub- 
stance was found to be insoluble in the water, and this when dissolved 
in alcohol showed no distinctive spectroscopic appearances. 

The aqueous solution of urobilin was again saturated with ammo- 
nium sulphate and the resulting precipitate was then found to be 
almost completely soluble in water. The second aqueous solution was 
once more saturated with the ammonium salt, was rendered faintly 
acid with sulphuric acid and immediately shaken with a mixture of 
chloroform and ether in large separating funnels. Two extractions 
sufficed for the transfer of all the pigment from the saturated water 
into the organic solvent, but some slight loss occurred owing to 
precipitation at the junction of the liquids. 

The chloroform-ether was next separated and shaken with distilled 
water, a few drops of dilute sodium carbonate solution being added to 
the mixture to reduce its acidity, but not enough to render the 
fluids alkaline. The whole of the pigment now returned to the 
water. 

This final aqueous solution was once more saturated with ammo- 
nium sulphate. One constant effect of the saturation at this stage is 
to cause a separation of such ether and chloroform as were previously 
dissolved in the water, and these carry with them a certain amount 
of the pigment. The thin superficial layer of the organic solvents so 
produced was, in this instance, allowed to evaporate spontaneously, and 
the floating residue of urobilin thus left upon the surface, and the 
precipitate which had meanwhile fallen as the result of the saturation 
with ammonium sulphate were filtered off together. The filter paper 
was washed with a neutral saturated solution of ammonium sulphate, 
was allowed to dry in the air, and was then extracted, in a flask, with 
strong alcohol. The solution was filtered and evaporated and the 
residue was redissolved in specially prepared absolute alcohol freshly 


1 It may here be mentioned that if the chloroform-ether solution be strongly acid the 
transference to water is not complete. If, under these circumstances, weak alkali be added 
drop by drop and the mixture be shaken after each addition, a point will be reached (short 
of neutrality) at which the transference becomes easy. The water should not be rendered 
alkaline as i te possible that the process may become lees selective than when the pigment 
both leaves and returns to acidified water. 
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The product obtained after filtration and evaporation was analysed 
with the following results. 


01010 grm. yielded CO, 0°2305 grm. H,O 00687 grm. Ash 
= 0°0023 grm. 
C=63°69°/,. H=7°73%,. 
0°188 grm. yielded 6˙2 C. N at 115°C. and 762°5 mm. of mercury 
N = 402% 


Product 2. Some four litres of urine from a case held to be one of 
Pernicious Anemia were submitted to precisely the same processes as 
were employed in the preparation of the first product. The final 
product had all the properties of No. 1. 

0:02 grm. ignited on platinum left no visible ash. 

0°1424 grm. yielded 5°11 C. N at 18° and 771 mm. of mercury. 


N = 422°, 


Product 3. This was prepared from the urine of a patient with 
intestinal obstruction who, for a short period, passed large quantities 
of urobilin (as judged by the intensity of the absorption band). During 
this period the patient was under the influence of morphia. 

The treatment adopted was in the earlier stages identical with that 
above described, but in this instance the transfer from water to ether- 
chloroform was twice repeated and the final stages of the separation 
were slightly modified. The second ether-chloroform extract (amount- 
ing to a bulk of about 14 litres) was shaken with very weak aqueous 
ammonia, Some 70 c.c. of this sufficed to withdraw all the pigment 
and thus great concentration was obtained. A slight excess of sulphuric 
acid was added to the ammoniacal solution and it was then shaken 
with pure chloroform which took up most of the urobilin. The chloro- 
form was separated and washed with small quantities of water until 
nearly neutral (a process which involved some loss of pigment) and 
was then filtered and evaporated. The residue, after being freed from 
traces of ammonium sulphate by solution and re-solution in absolute 
alcohol, was employed for the estimation of nitrogen. 20 mgm. gave 
no visible ash. 


0°206 grm. yielded 71 c. N at 18°C. and 770 mm. of mercury. 
N = 405 / 


with copper. The product left a little iron. 
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Product 4. This was prepared from the mixed urines of various 
hospital patients, for the most part in surgical wards. Each separate 
quantity obtained was preserved by immediate saturation with am- 
monium chloride. Only such specimens as showed a well-marked 
urobilin band were employed. | 

When, after about a fortnight, seven or eight litres had been 
collected the mixture was filtered from the urate precipitate produced 
by the ammonium chloride. The filtrate was then, as usual, saturated 
with ammonium sulphate. 

In preparing this product it was determined to avoid the use of 
ether-chloroform, and to employ the method of repeated precipitation 
with ammonium sulphate described in the first part of this paper“. 
The precipitate first obtained was therefore extracted with water until 
no more pigment was dissolved; to this solution finely powdered 
ammonium sulphate was added, with brisk stirring until some turbidity 
appeared. This occurred short of saturation, but before adding more 
sulphate the solution was filtered*. The precipitate thus removed was 
in this instance very slight and appeared to contain no pigment other 
than urobilin. The filtrate was next completely saturated and the 
precipitate of urobilin was filtered off. 

The process of precipitation and re-extraction with water were 
thrice repeated, the final extraction being made with dilute aqueous 
ammonia, by which means a highly concentrated solution (50—60 e. c. 
in bulk) was obtained. This was acidified with sulphuric acid, which 
threw down the urobilin as a reddish powder. The precipitate was 
removed by the centrifuge, washed two or three times with a neutral 
saturated solution of ammonium sulphate, again centrifuged and after 
being freed from any trace of ammonium sulphate by repeated solution 
in absolute alcohol, was analysed with the following results. 


0°1154 grm. yielded CO, 0°2676, H,O 00790. 


There was no weighable ash, but a minute quantity of iron was 


present. 
C = 63°24 5 H — 7°60 


0101 grm. of this product yielded, by Kjeldhal’s method, ammonia 
neutralising 5˙9 c.c. Pl acid. 


loc. eit. p. 118 a. 2 ibid. p. 186. 
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Analysis of Focal Urobilin. 


Product 1. A quantity of the stools of a case of typhoid fever in 
the early convalescent stage was mixed with a large proportion of 
methylated spirit and the extract was filtered. The filtrate was taken 
to dryness at a low temperature and the residue thoroughly extracted 
with water. The aqueous solution filtered from an abundant insoluble 
residue was made just acid with sulphuric acid, saturated with 
ammonium sulphate and allowed to stand. In addition to the brown 
pulverulent precipitate ordinarily obtained at this stage some peculiar 
black resinoid material floated on the surface of the saturated liquid. 
A portion of this dissolved in alcohol showed no absorption band until 
it was rendered somewhat strongly acid whereupon a well-marked 
urobilin band developed. The substance was evidently some precursor 
or compound of urobilin, left undecomposed by the weak acid originally 
present and precipitated intact by the ammonium sulphate. Possibly 
it consisted of crude urobilin-calcium as it left a considerable proportion 
of lime on ignition. The entire precipitate, including this resinoid 
material, was filtered off and re-extracted with water, the solution being 
now rendered more strongly acid (up to 2 or 3 °/, of sulphuric acid). 

Ammonium sulphate now threw down a precipitate free from the 
resinoid material. This was dissolved in water, passed through ether- 
chloroform, and subjected to exactly the same final processes as the 
two first urinary products. 

The ultimate product agreed completely in all its properties with 
the other preparations which have been made, whether fecal or 
urinary. It should however be added that in this instance the faces 
contained in addition a small proportion of a modified urobilin which 
had a reddish colour in solution, and showed the general characters of 
the modified pigment described in the first part of this paper’. 

The modified pigment accompanied that of the typical form 
through all stages of the process of separation until once transferred 
to ether-chloroform, when it absolutely refused to leave the organic 
solvent for water even under conditions of alkalinity. 

That portion of urobilin which was present in the ordinary form 
was transferred from ether-chloroform to water and back again with 


1 loc. cit. p. 189. 
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the accustomed ease; and this portion, which alone formed the 
material for analysis, had all the characters of urinary urobilin. 
0°1936 grm. yielded N 72 cc. at 19°C. and 750 mm. of mercury. 
N =417. 

Product 2. Normal feces were extracted with strong spirit. The 
alcohol was evaporated at a temperature of 40°C. and the residue was 
thoroughly extracted with water. The bulky aqueous extracts so 
obtained were saturated with ammonium sulphate, and from this point 
onwards the material was treated exactly as in the preparation of the 
first and second products from urine. The final product could not be 
distinguished as to appearance, odour, spectroscopic properties or 
general behaviour from the purified pigment of urinary origin. A 
portion of the product, on a glass dish, examined with the spectroscope 
showed a band like that of neutral solutions of urobilin. 

1343 grm. yielded CO, 03142 grm. 
H,O 00992 „ 
Ash 00009 „ (The ash contained iron) 
C = 63°81 / 
H= 820, 


The Nitrogen of Maly’s Hydrobilirubin. 

Confronted with the fact that all our analyses of the natural 
pigment showed a percentage of nitrogen so much smaller than that 
assigned by Maly to hydrobilirubin, we were anxious to place side 
by side with our results an estimation of the nitrogen of Maly’s product 
made by ourselves. Accordingly one-third of a gramme of pure 
bilirubin was reduced with sodium-amalgam, and the product was 
separated in exact accordance with the original directions of Maly’; 
rather more than a decigramme of hydrobilirubin being ultimately 
obtained. We thought it better to work with a small quantity of pure 
bilirubin than with a larger quantity of a pigment the purity of which 
was less certain. The operation offered no difficulties when carried 
out on this scale. : 

00998 grm. yielded 81 c.c. N at 17°C. and 770 mm. of mercury. 


N =9°57 / 
Maly’s formula requires N =9°45 % and the mean of his ex- 
perimental results gives N = 9°22 % 


Annalen d. Chem. u. d. Pharm, ouxit. p. 77, 1872. 


4 
4 
2 
4 
* 
a 
8 
‘ 
> 
ag 


462 F G. HOPRINS AND A. E GARROD. 


Summary or REsULTs. 


| Urinary Products Feeal Products 
A 
No.1 No. 2 No.8 No. 4 No. 1 No. 2 
C 63°69 — — 63°24 — 63°81 
H 7°73 — — 7°60 — 8°20 
N 4-02 4°22 4°05 4°09 4°17 — 
Urobilin Hydrobilirubin 
Mean of a Mean of Our estimation 
results Theory — hydrobilirabin 
0 63°58 64°86 64°68 — 
H 784 6°75 6°93 — 
N 4˙11 9°45 9-22 9-57 
O 24°47 18°94 19°17 — 


Data obtained from analyses of an amorphous substance which has 
to be first separated from complex mixtures can only be accepted after 
careful criticism. Nevertheless we have some confidence that the 
determinations given in this paper will be found worthy of attention. 

In the first place we have had in urobilin to deal with a substance 
which, although amorphous, possesses well-defined individual characters ; 
secondly, we believe that any who will consider the method which we 
have employed for its separation will recognise that it has the characters 
of a really selective process; and lastly we may adduce the satisfactory 
agreement in the figures obtained from products of diverse origins, as 
affording reasonable evidence that we have worked with a substance of 
chemical individuality. 

It will have been noticed that the urines used for the different 
preparations were passed under sucli widely different morbid conditions 
as hepatic cirrhosis, pernicious anæmia and intestinal obstruction treated 
by morphia, whilst the fecal pigment was obtained both from normal 
and morbid sources. | 

At the same time it must be admitted that our figures for carbon 
and hydrogen were obtained from quantities of material somewhat too 
small for great accuracy, and the analyses leave some uncertainty with 
regard to the question of ash. Although errors thus introduced must 
be small and cannot affect our main conclusion as to the fundamental 
difference between natural urobilin and Maly’s hydrobilirubin, we do 
not feel ourselves in a position to attempt to assign an empirical formula 
to the former. The figures obtained do not appear to lend themselves 
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to a formula showing any simple relationship to that accepted for 
bilirubin, and until experiment has shown by what chemical steps a 
product strictly agreeing in its general characters with natural urobilin 
can be prepared from bile pigment it is undesirable to pursue the 
question of its constitution. 

We may be permitted to say that we entered upon the analysis of 
urobilin obtained from natural sources in the hope that our results 
might help to place upon a firmer foundation the belief, which has 
prevailed since the publication of Maly’s results, that there exists a 
simple relationship between that pigment and bilirubin. This hope 
has not been justified by the results, and we are convinced that the 
relationship is by no means so simple as has been supposed. The 
change from bilirubin to urobilin cannot be a mere question of reduction 
and hydrolysis, but must necessarily be attended by a removal of 
nitrogen; of this our analyses leave no doubt whatever. 

On the other hand we cannot doubt that the one pigment is actually 
derived from the other, a conclusion which evidence of other kinds 
appears to us to render unavoidable. 

It is a well-known fact that in health the bile pigment which enters 
the duodenum disappears, as such, before the intestinal contents are 
expelled, and in its place we find in the feces urobilin and its 
chromogen. 

When, as in certain cases of typhoid fever, the bile pigment is found 
in abundance in the feces, the urobilin is greatly diminished in quantity 
or altogether wanting. When the flow of bile into the intestine is 
arrested urobilin and its chromogen disappear from the fœces, to 
reappear when the patency of the bile ducts is re-established. 

Friedrich Müller! has further shown that when bile is introduced 
into the stomach of a patient with complete biliary obstruction and 
whose feces are urobilin-free, urobilin appears in the stools. 

It therefore remains to seek further evidence as to the series of 
chemical changes which the bile-pigment undergoes in the alimentary 
canal, and especially on the lines of those experimenters who have 
succeeded in preparing an artificial product resembling urobilin by the 
action of intestinal micro-organisms upon bilirubin. Of the product so 
obtained as well as of various other artificial urobilin-like products we 
hope to speak in a third instalment of this paper. 


Schlesische Gesellach. f. vaterland Kultur, Jan. 1892. 
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CoNncLUSIONS FROM Part II. 


1. The hydrobilirubin of Maly although resembling the urobilin of 
urine and fies in certain of its properties, differs from it in other 
respects and notably in containing a far larger proportion of nitrogen. 

2. By allowing the action of sodium amalgam upon bilirubin to 
proceed beyond the stage indicated by Maly a product is obtained 
which resembles natural urobilin much more closely and which possesses 
almost identical spectroscopic properties, though we have never obtained 
from it the E band spectrum described in the first part of this paper. 

3. In their elementary composition urinary and fecal urobilin are 
identical. 

4. From analyses of products obtained, from four different supplies 
of urine and two different supplies of fecal material, for the most part 
by modifications of the ether-chloroform process, the following mean 
figures were obtained for the carbon, hydrogen and nitrogen respectively. 


O 63°58, H784, N 411. 
5. An estimation of the nitrogen in hydrobilirubin yielded a 


percentage (9°57) which differs but little from that obtained by Maly 


(9°22). 


[The cost of the above investigations was in part defrayed by Grants from 
the Government Grants Committee of the Royal Society. | 
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SOME IMPROVED METHODS OF GAS ANALYSIS. 
By JOHN HALDANE, MD., F. RS., Lecturer in Physiology, 
University of Oxford, and Grocers’ Company Research Scholar. 
(Six figures in the text.) 


CONTENTS. 


1, Method of ordinary gas analysis, 
A. Determination of oxygen and carbonic acid. 
B. Determination of other gases. 
2. Special methods for air analysis. 
A. Determination of carbonic acid, oxygen, &. to 006 %, 
B. Direct determination to 005 % of carbonic oxide. 


THE following paper contains an account of some methods of gas 
analysis designed with a view to work in Physiology and Hygiene, 
and which I have employed in various investigations published 
recently on the physiology of respiration, and on the nature and 
physiological action of the gases present in the air of mines, wells, 
railway tunnels, &.“ 


1. METHOD or ORDINARY Gas ANALYSIS. 
A. Determination of owygen and carbonic acid. 


In physiological work the determinations most frequently needed 
are those of oxygen and carbonic acid. As a general rule the results 
require to be very accurate, so that “technical” methods are not 
sufficient; and at the same time it is usually necessary to analyse a 
number of samples, which makes a rapid method very desirable. The 
following apparatus was designed to meet these requirements, and 
has proved of great service during constant use for the last four 


years. 


1 These investigations, part of which were undertaken in conjunction with Dr 
Lorrain Smith, Mr W. N. Atkinson, and other friends, have been published in 
Engineers, 1895 and 1896, and in two parliamentary papers. 
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The gas is measured in a gas-burette (A, Fig. 1) about 70 cm. 


long, provided at the top with a 
three-way tap, and graduated to 
‘05 c. from the tap to the mark 
indicating 25 cc. The bore is 
narrow (about 8 mm.), so that 
about 1 mm. of the burette cor- 
responds to 05 cc. With such a 
burette it is possible to read with- 
out the aid of a telescope to within 
005 c.c.; and a telescope is there- 
fore dispensed with. The burette 
must of course be most carefully 
graduated by the maker! and the 
graduation checked by the user 
The graduation is checked by 
reversing the burette, filling with 
mercury, and weighing the mercury 
which is allowed to flow out in 
portions of about 2 cc. This 
method will of course not give a 
correct result for the first 5 c.c. of 


the burette; hence the volume from 


the top to 5 c.c, is determined after 
the burette is in position by taking 
in about 5 c.c. of air, reading off, 
shunting the air into the potash 
pipette, then taking in a similar 
quantity of air, reading off, and 
finally measuring the whole quan- 
tity of air together. If the first 
5 C. c. is correctly graduated, which 
is seldom the case, the last measure- 
ment will be equal to the sum of 
the first two. If the graduation is 


2 


Fig. 1. 


incorrect the necessary correction for all future readings of the burette 


can now be calculated. 


Müller & Co., 148, High Holborn, London. 
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Surrounding the gas-burette is a water-jacket, which is about 4 cm. 
in diameter and 60 om. in length, and is supported by means of an 
ordinary retort-stand and clamp. The gas-burette is connected by 
means of rubber tubing of about 2mm. bore and 8 mm. external 
diameter with the levelling tube (B), which is about 100 cm. in 
length, and should be somewhat wider than the burette. By raising 
or lowering this tube, which is held by a spring clamp fixed to the 
retort-stand, gas is expelled from, or drawn into, the burette, and the 
pressure in the latter is adjusted. 

One of the three-way connections of the burette is used for taking 
in the sample, and the other connects the burette with an absorption 
apparatus arranged as shown. The connecting tube from the burette 
to the absorption bulbs is of about 1 mm. bore, the taps on the burette 
and absorption apparatus being also of this bore. If the bore is much 
narrower drops of liquid may stick in the tubing and cause incon- 
venience. There are joints made with rubber tubing at C and D. 
The presence of these joints makes it possible to shake the absorption 
apparatus without disturbing the connections. 

The bulb E in the absorption pipette is filled with 20°/, solution 
of caustic potash for the absorption of carbonic acid, and F with an 
alkaline pyrogallic acid solution for the absorption of oxygen. E and 
F have a capacity of about 50cc. The water in G and H protects 
the pyrogallic acid solution from the air, as in Hempel’s well-known 
absorption pipettes. F is emptied and refilled when necessary through 
the tube K, which is kept closed by rubber tubing provided with a 
glass stopper. The tap on the absorption pipette is so made that 
communication ean only be established with one or other absorption 
vessel, but not between them. The wooden stand of the absorption 
apparatus is about 25 x 30 cm., and the absorption pipette must not 
be fixed to it in such a way that expansion or shrinkage of the wood 
may snap the glass across. 

For absorbing the oxygen I have always used a solution of pyro- 
gallic acid and potash. When properly prepared this is a most 
excellent absorbent, and gives rapid and extremely accurate results’. 
When prepared in unsuitable proportions, however, it absorbs slowly, 
or may even give off carbonic oxide in considerable amount. Rapid 


1 The absorption may be made still more rapid by giving E and F a cylindrical form 
and filling them with pieces of glass tubing. With this arrangement the manipulations 
are easier, and shaking is not required, but it is not so easy to see by the colour of 
the pyrogallic acid solution on the sides of F whether absorption is complete. 
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and complete absorption is obtained with a solution made by adding 
10 grammes of pyrogallic acid to 100 c.c. of a 75°/, solution of caustic 
potash (i.e. a solution containing 75 grammes of caustic potash in 
100 cc.) This latter solution, which has a specific gravity of about 
1°55, is obtained by adding 50 cc. of water to 100 grammes of stick 
caustic potash (containing about 25°/, of water) and allowing the 
potash to dissolve. So strong a solution of pyrogallic acid and potash 
not only absorbs very rapidly, but has the further advantage that it 
possesses a low coefficient of absorption for gases. The solution keeps 
indefinitely, and the same charge lasts for a very large number of 
analyses, but when absorption begins to be sluggish a new charge 
should be inserted, so as to save loss of time. The residue of nitrogen 
and argon left over after oxygen had been absorbed by means of this 
solution was mixed with air and tested by means of the platinum 
spiral and finely graduated burette described below. No trace of 
carbonic oxide or other combustible gas was found. 

The pressure in the burette is adjusted by using the potash pipette 
as a pressure gauge, and bringing the potash before every reading of 
the burette exactly to the mark M. As the potash solution has only 
about +, of the specific gravity of mercury, and the level can be 
adjusted to the mark with the utmost nicety, it is evident that the 
pressure gauge is exceedingly sensitive. 

In order to make the readings of the burette entirely independent 
of changes in temperature and barometric pressure during the analysis, 
a control tube (M, which is also surrounded by the water-jacket, is 
employed. This control tube is connected with the potash solution 
by means of a T tube O, in the manner shown in the figure. A 
three-way tube or tap at P makes it possible to render the pressure 
in NV equal to that of the atmosphere. At the beginning of the 
experiment the potash is adjusted to the mark R by raising or lowering 
the potash receiver 8, P being open to the air. P is now closed, so 
that the control tube is only connected with the potash tube, and is 
not again opened until the analysis, or series of analyses, is complete. 
In any case where not only the composition, but also the absolute 
volume, of a sample of gas has to be determined, the barometer and 
the temperature of the water-jacket are read off at this point. Each 
time a reading of the burette is made the potash is brought to the 
mark R by raising or lowering S. The potash in the absorption 
pipette is then brought to the corresponding mark M by adjusting 
the levelling tube. The readings of the burette are then evidently 
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corrected by mechanical means for differences in pressure and tem- 
perature during the analysis. As the control tube is kept about a third 
full of water, and the burette is also kept moistened sufficiently to 
make the internal surface damp, without fouling the mercury meniscus, 
variations in the tension of aqueous vapour in the burette are also 
corrected for by the control tube. 

The use of a control tube was first introduced by Williamson and 
Russel“, who employed a mercury pressure-gauge. In Petterson’s 
apparatus the same principle is applied; but the movement of a drop 
of oil in a horizontal tube connecting the burette with the control 
tube is used as a pressure indicator, and extreme accuracy in the 
adjustment of the pressure in the burette to that in the control tube 
is thus attained. On the other hand the Petterson apparatus is 
somewhat difficult to manage, and possesses the disadvantage that the 
glass tubing connecting the burette with the pressure indicator forms 
a dead space into which some of the gas which is being determined 
may pass during the analysis, or out of which air may issue, since the 
dead space contains air to begin with. The present arrangement, 
which is in certain respects a return to that of Williamson and 
Russel, is simple and inexpensive, and avoids the defect just alluded 
to as existing in the Petterson apparatus. 

The manipulations necessary during an analysis will now be easily 
followed, The sample of gas is taken into the burette with the 
ordinary precautions. If, as is often the case, the gas is contained in 
an ordinary burette, or in a bag, a three-way tap should be inserted in 
a short piece of rubber tubing connecting the bag or burette with the 
gas-burette. By means of the levelling tube mercury is then driven 
upwards until all air is expelled through the three-way tap just 
referred to. Any further quantity of air in the connections between 
this tap and the vessel holding the gas is also washed out with some of 
the gas. A sample quite free from air can then be obtained. If the 
gas is contained in a bottle or similar vessel the arrangement described 
below (Fig. 6) is used. When it is necessary to determine the volume, 
as well as the composition, of a sample of gas, the latter should be 
collected in a receiver which is itself provided with à three-way tap, 
so that the whole of the gas in the receiver can be taken in after all 
the air in the connections between the receiver and the gas-burette has 
been displaced by mercury. 


1 Journal of the Chemical Society, 1868, p. 238. 
* Zeitechrift f. analyt. Chemie, xxv. pp. 467, 479. 
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When the gas-burette is filled with the sample of gas the tap is 
closed, and the level of the mercury in the burette and levelling tube 
roughly adjusted. The connection with the potash pipette E is then 
opened, and the levels at R and M adjusted. The connections between 
the gas-burette and absorption apparatus are of course filled with 
nitrogen before the analysis is begun, and the levels at R and 8 
adjusted. This involves no trouble, as at the end of the previous 
analysis the whole apparatus has been left full of nitrogen, with all the 
levels adjusted. The gas is now transferred into the potash pipette, 
and passed in and out three or four times, so as to thoroughly wash 
out the carbonic acid left at first in the connecting tubing. The levels 
are then again adjusted and the burette read off. The same process is 
gone through in the absorption of the oxygen, but of course the 
absorption is somewhat slower, and it is necessary to wash out specially 
the space between the tap of the absorption apparatus and the level of the 
potash. By observing the colour of the pyrogallic acid solution on the 
sides of F it is possible to see at once whether the absorption is still 
incomplete; but in any case it is always advisable at first to confirm 
the completeness of the absorption of both oxygen and carbonic acid 
by two successive readings of the burette. When the absorption of 
oxygen is complete the pyrogallic acid solution is again brought to the 
mark S, and the pressure in the burette adjusted by means of the 
potash gauge ete. as before. About four or five minutes are required 
for the complete absorption of the oxygen, and the carrying out of the 


readings and manipulations which are necessary. 


In reading the level of the mercury in the gas-burette it is 
impossible to avoid errors of less than about 005 C..; hence in 
individual analyses there must be a possible error of about 02 / in 
the results of the analyses; and as a matter of fact 025°/, is found to 
be about the actual limit of variation from the mean result of two or 
more determinations. In illustration of this statement I may quote 
the following analyses in which double determinations were made of 
the oxygen or carbonic acid“ in various gas-mixtures. 


Samples of “ Black damp” from various collieries. 


‘ 1007 41866 
Oxygen 1°45 5°59 10-09 13°67 13°22 18°60 18°75 11°98 
79 


Methane 535 499 0:00 289 #298 O00 4°52 
Trans. Fed. Inst. of Mining Engineers, vit. 1895, and x1. 1896. 
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B. Determination of other gases. 

When another gas has to be determined as well as oxygen and 
carbonic acid, it is of course often possible to determine the gas in 
question by absorption in a further absorption pipette. In the case of 
carbonic oxide, for instance, I have frequently used the ordinary slightly 
ammoniacal solution of cuprous chloride. The extra connection is 
made through one arm of a three-way tube which is attached to the 
free tube of the gas-burette, the sample being taken in through the 
other arm. After the oxygen and carbonic oxide have been absorbed 
the sample of gas is shunted into the pyrogallic acid pipette, and the 
gas or air between the tap of the burette, and the extra three-way tap 
is displaced by mercury. Some nitrogen, purposely left over the 
cuprous chloride from the last analysis, is drawn back into the burette, 
until the cuprous chloride solution stands at the mark on its pipette. 
The whole of the gas is then drawn back into the burette from the 
pyrogallic acid pipette and remeasured plus the nitrogen from the 
cuprous chloride pipette. The carbonic oxide is then absorbed in the 
cuprous chloride pipette, all the connections being washed out with the 
residual nitrogen, just as when the oxygen is determined. Results 
obtained in this way have been found to be practically the same as 


Fig. 2. Fig. 3. 


those by combustion. In i the combustion method is more 
convenient than the absorption method. In carrying it out I at first 
always used the small explosion pipette, shown in Fig. 2, and qonnevted 
as in Fig. 3. 
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In using this pipette, which has a capacity of about 30c.c., a 
suitable volume of pure air is first taken into the burette through the 
tap of the explosion pipette. Enough of the combustible gas is added 
to form a mixture which explodes well. After the total volume has 
been measured the whole is passed into the potash pipette to remove 
any carbonic acid present, and ensure thorough mixture. The gas is 
then remeasured, and the whole of what is not left in the connection to 
the potash pipette is passed into the explosion pipette, ignited, re- 
measured, and again measured after absorption of the carbonic acid. 
It is evident that a small fraction of the combustible gas originally 
taken in is left in the connections of the potash pipette during these 
manipulations, and thus escapes combustion. The volume of this gas 
must be calculated and a corresponding correction introduced. To 
make this calculation it is of course necessary to know the volume of 
the air-space between the tap of the burette and the mark on the 
potash pipette. This volume can easily be determined once for all by 
introducing some water into the burette between the mercury and the 
tap, reading off the mercury level, then driving water over towards the 
potash pipette until the mark on the latter is reached, and reading off 
the mercury level again. The difference between the two readings gives 
the required volume, After this manipulation the burette should be 
washed out with slightly acidified water, as traces of potash would be 
carried backwards from the potash pipette by the water. 

As an example of the results obtained by this method I may quote 
the following example of a double determination of the explosive gas 
in a sample taken from a coal-mine. 


No. 1 No. 2 

Air (free from 00) taken 20°11 21°16 
+ gas 22°10 24045 
„„ gas taken = 1°99 2-885 

After CO, absorbed 22˙03 23˙95 
After explosion 1904 19°625 
contraction = 2°99 4°325 

After CO, absorbed 17-545 17°45 
00, = 1495 2˙175 


Now as the volume of the dead space in the connection with the 
potash pipette was 94 Ce. the volumes of gas really taken for 
the determination of methane were, instead of 1:99 and 2°885cc., 
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199 x 2297191. 2°885 x 1780 =278c.c. The explosive gas was 
evidently pure methane, since the contraction on explosion was just 
double the volume of carbonic acid formed. The percentage of methane 
found was thus 78°27 in the first determination and 78°63 in the 
second. These results agree to within the limits of errors which must 
necessarily exist considering the small volume of methane which it 
is possible to take for an analysis. 

Instead of the explosion pipette I have recently employed the 
method of combustion by means of a spiral of heated platinum wire. 
This excellent method was first introduced by Coquillion' about 
20 years ago for the estimation of fire-damp in the air of mines. It 
presents the advantage that where the volume of combustible gas 
present is less than sufficient to form an explosive mixture with air 
it is not necessary to add hydrogen or detonating gas, since however 
small the proportion of combustible gas present may be, the com- 
bustion occurs in the presence of the heated platinum. The platinum 
wire method also presents the advantage that it adapts itself well to 
the gas-burette &c. just described, since all the gas left in the con- 
nections of the absorption pipette can, if desired, be thoroughly washed 
out with what has already been passed over the spiral, so that the 
whole of the combustible gas originally taken into the apparatus is 
completely burnt. 

Fig. 3 shows the arrangement of the platinum wire combustion 
pipette, which is about 3 cm. wide by 10 cm. long. The current is led 
to the spiral of very fine platinum wire through the two glass tubes 
A and A, which are filled with mercury. They are closed below by 
corks, through which pass pieces of steel wire to which the wires 
of the battery can be attached. Into the mercury at the tops of 
these tubes are inserted two pieces of stoutish platinum wire, to 
which the ends of the spiral of fine wire are attached. The cork 
closing the bottom of the pipette is soaked in paraffin wax, and 
inserted while still warm, so that it is very firmly fixed in its position. 
Should the spiral fuse and require to be replaced this cork may be taken 
out by warming the glass so as to melt the paraffin. The current 
for which a small accumulator is most convenient, should be strong 
enough to heat the spiral to bright redness, but not to fuse the 


1 Comptes Rendus, 84, p. 458, 1877: also Trans. Fed. Inst. of Mining Engineers, xu. 
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wire. The combustible gas is very rapidly and quite completely burnt 
in presence of the heated spiral. 

In general the manipulations required when this pipette is used 
for combustion are very much the same as with the explosion pipette, 
but the gas is passed backwards and forwards several times to ensure 
complete combustion. To avoid any slight inaccuracy due to minute 
bubbles of air or globules of mercury being left at the joints, the 
mercury is not passed over from the burette to the pipette and vice 
versd, but is simply brought to a definite mark (M) on the neck of 
the pipette before each measurement. The carbonic acid left in the 
connection to the explosion pipette is of course washed out when 
the carbonic acid formed by the combustion is determined. 

When the air to be analysed already contains sufficient oxygen 
for the complete combustion of the explosive gas the manipulations 
are very simple. It is usually easiest first to wash out the tube leading 
to the potash pipette with some of the air in question. The sub- 
sequent steps are to take in the sample, drawing in some mercury 
after it from the combustion pipette so as to fill the connection with 
mercury, measure, absorb the carbonic acid, re-measure, then adjust 
the mercury level in the combustion pipette, re-measure the gas (minus 
what is now in the connection to the combustion pipette), ignite the 
gas, re-measure, and finally absorb the carbonic acid and again measure. 
The whole of these manipulations can be completed very rapidly, and 
the exactness of the method of measurement, together with the avoid- 
ance of a number of sources of error which are present in the ordinary 
explosion method, render the results exceedingly accurate. This 
method is of course specially adapted for the determination of carbonic 


oxide, fire-damp, coal-gas &. in air. 


The following double analysis of a mixture of fire-damp from a 
coal-mine and air illustrates the use of the combustion pipette. 


No. 1 No, 2 
Volume taken 19°92 19°59 
After OO, absorbed 19°87 19°54 
* CO, = 05 05 
Oorrected volume after combustion 17°755 17 43⁵ 
.. contraction = 20115 2-105 
Corrected volume after CO, absorbed 16-685 16°37 


00, formed = 1-07 1-06 
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Thus analysis No. 1 gave 025% of carbonic acid and 5°33°/, of 
fire-damp, while No. 2 gave 025 % of carbonic acid and 5°38°/, of fire- 
damp. The fire-damp was evidently not perfectly pure methane, a 
trace of ethane being probably present. 


2. SPECIAL METHODS FoR Arr ANALYSIS. 
A. Determinations of carbonic acid, oxygen, etc. to 005 %, 


In the very frequent cases in which very small amounts of such 
impurities as carbonic acid, fire-damp, coal-gas, &c. require to be 
determined the method just described is not delicate enough for all 
practical purposes. This is particularly so as regards 
the determination of carbonic acid in the air of 
buildings &c., where accuracy to at least 01% is i 
desirable. To meet such cases I have employed 
a burette (Fig. 4), in the lower two c.c. of which 
the internal diameter is narrowed to 3°5 mm., so as 
to permit of graduation to 01 c., instead of to 
05 c.c., as in the upper part of the burette. The 
delicacy of the method of adjusting the pressure in 
the burette renders it possible to narrow the burette 
with advantage. Where it is also necessary to 
determine small differences in the oxygen percentage 
of air the form of burette shown in Fig. 5 is em- 
ployed, with a control tube of similar form. The 
upper part of this latter burette is not graduated, . 
and has a capacity of about 15 c.. The graduation 
extends down the narrow part (which is 3°5 mm. in 
bore) from 15 to 21 cc. In using this latter burette 
special precautions are necessary to keep the tem- 
perature the same in its upper and lower parts. 26e 
For this purpose I have followed the plan of 
allowing a stream of small air-bubbles (from a filter- Pig. 4. Fig. ö. 
pump arranged for blowing) to pass through the 
jacket during the analysis. For most purposes the burette shown in 
Fig. 4 is more useful, as the part which is only graduated to 05 c.c. 
may be used for ordinary analyses, while the lower part is used for 
more accurate determinations of small impurities such as carbonic 
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acid Nc. The two parts of this burette may thus be compared to 
the high and low powers of a microscope. 

To determine the practical limits to which narrowing of the lower 
part of the burette was capable of increasing the accuracy of an 
analysis I made a series of experiments with a burette holding 20 c.c., 
and graduated in its lower part to 002 C. e., so that readings to 0002 c.c. 
could be made. The result was that beyond 001 c.c. the measurements 
were unreliable, so that the limit of error in an experiment was about 
005°/,. This is clearly shown in the following series of determinations 
of the carbonic acid in different samples of air. 


No. 1 No. 2 No. 3 No.4 
Pure outside Air of Pure outside Pure outside 
air (winter) room air (winter) air (winter) 
(a) 029 240 °/, 031 031 
b) 028 242 032 031 
0 036 241 029 026 
027 027 036 
(e) 027 
(f) 54 
Mean 030 241 030 031 


As the readings are thus unreliable beyond 001 c.c. it is useless 
to graduate the burette beyond about ‘01 c.c., especially as a burette 
which is very narrow below is practically inconvenient. 

The following successive analyses of the same sample of pure 
outside air (winter) show that in oxygen determinations with the 
burette shown in Fig. 5, about the same accuracy can be obtained as 
in carbonic acid determinations. 


1 2 3 4 Mean 
20°943 20-936 20-937 20°944 20°940 
Carbonic acid 034 030 030 034 032 


Nitrogen & Argon 79.023 79-034 79·033 79022 79-028 


Air to which exactly 047 / of methane had been added gave in 
four successive determinations the following results on combustion by 
the platinum spiral, the methane being estimated by the contraction. 

(a) 044%, 9051 % 
(%% () 040 

These analyses show that the contraction on combustion of such 

gases as methane may be estimated with nearly the same accuracy 


} Mean = 047 
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as carbonic acid. In the above experiments the air was only exposed 
to the platinum spiral for about 30 seconds, and the results completely 
confirm Coquillion’s statement as to the rapidity and completeness 
of the combustion. 

For the examination of air vitiated by respiration, combustion, &e., 
the method just described is exceedingly useful, as the samples may 
be collected in small bottles of about 100 c.c. capacity. All that is 
necessary is to suck the air to be examined into the bottle with the 
help of a short piece of rubber tubing, and to close the bottle at once 
with a tightly fitting cork coated with paraffin wax. Any required 
number of such samples may be collected, and each suffices for several 
determinations should duplicate determinations be required. A car- 
bonic acid determination occupies only about five minutes“. 

The bottles containing the samples are opened under mercury, and 
transferred to a suitable trough. The trough shown in Fig. 6 is par- 
ticularly convenient. It is made of two slabs of wood which are cut 


Fig. 6. 


out so that when they are screwed together a narrow slit, open at the 
top, is left between them. Into this slit, which is filled with mercury, 
passes the bent tube by means of which gas is transferred from the 
bottle to the burette without admixture of air. At one end of its 
upper part the slit expands into a rectangular space 7 x 2˙5 cm. x 3 cm. 
deep, in which the neck of the bottle is received. The slit is about 
15 cm. long, 10 om. deep, and 6 mm. in width. All leakage of mercury 


1 This method was recently used for the analysis of a large number of samples of 
air from the tunnels and stations of the Metropolitan Railway. (Report of the Committee 
of the Board of Trade on Tunnel Ventilation, p. 117. 1897.) 
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from it is prevented by a coating of marine glue, which is applied just 
before the two halves of the trough are screwed together. 

Where, as in work on respiratory exchange with a respiration 
chamber, or in observations on the variations in the carbonic acid 
percentage of outside air, the maximum of accuracy is necessary 
in carbonic acid determinations, the method just described is not 
sufficiently exact. In such cases the gravimetric method! may be 
employed. 


B. Direct determination of carbonic omide in air. 


The method which I described in this Journal (xvi. p. 463, and 
XX. p. 521) has made it possible to determine directly and with 
great accuracy small percentages (from about ‘005 to 3% ) of carbonic 
oxide in air. As such determinations are often of considerable 
importance, and as this method is also a very convenient one for 
roughly determining in a direct manner the percentage of carbonic 
oxide in coal-gas (which must of course first be diluted to about goth 
with air) the following short description of the further improvements 
and simplifications which practical experience of the method has 
suggested may be of use“. . 

The sample is collected in a bottle of 100 to 200 c.c. capacity in 
the manner already described above. The same sample serves for the 
determination of carbonic acid when this is also necessary, the air 
being simply returned from the gas-burette to the bottle after the 
carbonic acid has been absorbed. If oxygen etc. has also to be 
determined the residual nitrogen must not be returned, but a quantity 


of pure air equal to what has been taken out is instead passed in, and 


the dilution of the carbonic oxide in the bottle afterwards allowed for. 


1 Philosophical Magazine, p. 306, 1890. This Journal, xin. p. 419, 1892; and xv. 
p. 401, 1894. A comparison of results by Pettenkofer’s and the gravimetric method 
will be found in the first mentioned paper, p. 826. The sources of error in Pettenkofer’s 
method have recently been investigated by Letts and Blake (Proceedings of the Chemical 
Society, x11. p. 192, 1896.) They find that the baryta water has a marked action on the 
glass bottles employed, this action being accompanied by a considerable alteration in the 
alkalinity of the baryta water. They have also shown that if the glass is coated with 
paraffin, and precautions are taken to entirely exclude air from the baryta water during 
the titration, correct results may be obtained. 

2 The results of a number of determinations by this method of the carbonic oxide 
in the air of railway tunnels will be found in the Report of the Ventilation of Tunnels 
Committee of the Board of Trade, Appendix 1. 1897 
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The bottle is then transferred to a basin of solution of defibrinated 
or- blood diluted to about 54,th, and is tilted so as to allow about 5 C. 
of the air to pass out and be replaced by the blood solution. [If it is 
not desired first to determine the carbonic acid etc., the bottle is of course 
simply opened, to begin with, under the blood solution.] The cork is 
then again inserted, and the bottle covered with a cloth so as to exclude 
light and shaken pretty vigorously for 20 minutes. The shaking may 
of course be done with the help of a water motor. The bottle must 
be perfectly smooth and clean inside, otherwise the solution may 
become turbid. 5c.c. of the original blood solution are now measured 
off into a test-tube, the solution from the bottle being poured into 
another test-tube of equal diameter. Adjusted carmine solution 
previously prepared’ is then added from a burette to the 5c.c. of the 
original blood solution until its tint is equal to that of the solution 
from the bottle. The haemoglobin of the latter solution is then satu- 
rated with carbonic oxide by filling the test-tube with coal-gas passed 
in through a piece of rubber tubing, quickly closing the mouth of the 
test-tube with the thumb, and shaking for a few seconds. Carmine 
solution is now added to the other test-tube until equality of tint is 
again established. From the two readings of the burette the per- 
‘centage saturation of the hemoglobin is calculated in the manner 
already described’. From the percentage saturation the exact per- 
centage of carbonic oxide present can be read off at once from the 
corrected dissociation curve*, or may easily be deduced by applying the 
following formula 
S x 07 
P™ 1008 

where P = percentage of carbonic oxide, and S = percentage saturation 
of the hemoglobin with carbonic oxide. Thus if S=20°/,, then 
P= 8 2 017% of carbonic oxide. The explanation of this 
formula will be found at p. 452, Vol. XVIII. of this Journal, where, 
however, in consequence of the unsuspected influence of light, the 
value 16 was put instead of 07, which latter value is the correct one, 
as shown on the dissociation curve just referred to“ 


1 This Journal, wn. p. 465. Op. cit. p. 466. This Journal, XXI. p. 288. 1897. 
In two papers which I had previously overlooked, Hüfner and Küls (Journal fiir 
prakt. Chemie, xxvii. p. 256, 1888, and xxx. p. 68, 1884) drew attention to the fact that 
when a hemoglobin solution is shaken with air containing carbonic oxide the partition 
of the hemoglobin between the two gases depends on their relative proportions in the 
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If the oxygen percentage in the air is diminished a proportional 
deduction must be made from the percentage of carbonic oxide calcu- 
lated from the curve or formula. Thus if in the case of the above 
example the oxygen percentage had been 15 instead of 21 the per- 
centage of carbonic oxide would have been ‘017 H= 012 instead 
017. 

With less than 1% of carbonic oxide in the air this method is 
reliable in practice to 005 % Its chief advantages are that it is 
extremely delicate, and that it is in no way interfered with by the 
presence of the other gases ordinarily met with when carbonic oxide 
is present in air. 


air. He employed the spectro-photometer to determine the percentage saturation of the 
hemoglobin with carbonic oxide, and his results were very similar to those which I 
obtained by the colorimetric method before I became aware of the influence which bright 
day-light exerts in the reaction. The same irregularities as occurred in my results are 
also present in his. He also proposed to use the facts he had ascertained for the 
quantitative estimation of carbonic oxide in air. 


| 
| 
‘ 
i 
14 
i 
14 
1 
i 
1 
| 
i 
| 
| 
il 
1 
| 
N 


CONTRIBUTIONS TO THE PHYSIOLOGY OF UN- 
STRIATED MUSCULAR TISSUE’. Part IV. THE 
ACTION OF ELECTRICAL STIMULI UPON THE 
CESOPHAGUS OF APLYSIA DEPILANS, AND 
APLYSIA LIMACINA. By Dr PHILIP BOTTAZZI, 
Docent of Physiology in Florence. (Twenty-two Figures in Text.) 


(From the Physiological Laboratory of the Zoological Station, Naples.) 


CONTENTS. 


Introduction and methods. 5 

The automatic movements of the wsophagus. 

The effect of load. 

The action of induced currents. 

The action of the constant current. : 

Comparison of these with other rhythmic movements, and considerations 
touching the causation of the movements generally. 

Conclusions. 


1. Introduction and methods. 


Ir was by chance that I first noticed automatic movements in the 
cesophagus of Aplysia depilans. In collecting the opalescent liquid 
which the spacious body cavity of this gasteropod contains (for the 
purpose of crioscopic examination of osmotic. pressure)“, I was re- 
peatedly struck by the active movements of the elongated csophagus. 
These, executed in normal fluid surroundings and without lesion or 
other external stimulus, took the form of waves of contraction which, 
starting from the oral end of the organ travelled along it in peristaltic 
fashion. At the ab-oral end they spread out over the ingluvies or crop 
and over the triturating stomach and were gradually lost. Counting 
the movements I found that 14 to 16 occurred in each minute, and 


1 Contributi alla fisiologia del tessuto d. cell. musc., Parts I. II. and III. Carnesecchi, 
Florence. 1897. Sullo sviluppo della funzione motoria negli organi a cell. musc. Carne- 
secchi, Florence, 1897. Op. also Arch. Ital. de Biol. xxv. p. 81. 1897. 

2 Arch. Ital. de Biol. xxvim. p. 61. 1897. 
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it seemed to me worth while to study them with some ease and to 
obtain graphic records; thus the work, which is embodied in the 
following pages, was begun. 

The esophagus of Aplysia depilans is long; measured from its 
oral end to the point where, expanding in funnel shape it passes into 
the crop, it has a length according to the size of the individual of 2°5 
to 30 cm. in full extension. Its diameter is 3 to 4 mm., but, opened 
longitudinally and subjected to slight transverse stretching it is about 
1 em. wide. The external surface is smooth but internally a number 
of longitudinal folds occur, well marked towards the oral end but 
decreasing in height as the stomach is approached. The proximal 
third is of a dark slaty colour, but distally this pales and the colour 
of the stomach is assumed gradually. An account of the minute 
structure of the cesophagus in its successive segments will shortly 
be published by Dr Levi and-myself; a study of certain histological 
details may also be found in the work of Mazzarelli’. 

In experimenting I made a double section through the cesophagus, 
cutting it first at that point where it traverses the commissural nervous 
ring and again at its junction with the crop. The stimulus of section 
caused marked and persistent contraction, so that whether excised, or 
left in the fluid of the body cavity the organ remained for a long time 
4 of the normal length or even less. 

Tracings were taken from the whole csophagus suspended in its 
natural tubular form or opened longitudinally and spread out to form 
a strip of muscle of rectangular elongated shape. In either case, the 
preparation was placed in the moist chamber of Schönlein's recording 
apparatus and attached below to a lever which registered its move- 
ments. The weight of the lever effected a certain stretching of the 
muscle, but in some cases I weighted it further. 

I would wish to draw especial attention to the fact that all my 
experimental observations on the cesophagus of Aplysia were carried 
out in the Zoological Station at Naples in the months of July, August 
and September (1897). The average temperature of the air in the 
physiological laboratory at this time was 27° or 28°C., and between 
the moment of capture and the moment at which they were used in 
experiment, the animals were kept in sea water of about the tempera- 
ture of 25°C. The relatively high temperature must, I think, have 
had an effect which cannot be neglected both on the irritability of the 


1 Monografia dell’ Aplysidae del golfo di Napoli, Naples, 1898. 


7 


G@SOPHAGUS OF APLYSIA. 483 


cesophagus and on the rapidity of that spontaneous rhythm which I 
propose to describe later. I hope to be able to continue my experi- 
ments with especial regard to the innervation of the organ, and to do 
this in a cool season in order that I may also evaluate the effects of 
marked changes of temperature. | 

I may add that I attempted to study the cesophagus of Aplysia 
limacina also, but I found not only that it was normally more flaccid 
and atonic, but that the spontaneous movements which it exhibited 
were transient and sometimes could hardly be registered. Apparently 
the organ becomes speedily exhausted here, but it is also easy to show 
(as Schönlein first observed) that the whole musculature of the body 
of Aplysia limacina is atonic as compared with that of Aplysia depilans. 
Thus on handling, Aplysia depilans becomes rigid and almost spherical, 
recalling the reaction of a Holothurian to even gentle mechanical 
stimuli; Aplysia limacina on the other hand suspended by one ex- 
tremity elongates like a flaccid bladder, the fluid of the body cavity 
accumulating towards the lower end and distending it. That the two 
animals show this likeness in variation both of somatic and visceral 
muscular tone seems to me worthy of note. I have however made 
some use of the atonicity of the esophagus in Aplysia limacina in 
studying the effects of unipolar and bipolar stimuli; of this I shall 
speak later. 


2. 


I have described in an earlier paper certain points concerning the 
automatic movements of the esophagus of Aplysia depilans’. For a 
short time after the organ is placed in the moist chamber it remains 
motionless in partial contraction, probably as a result of the stimulus of 
section, Later, however, there is expansion, and thereupon follow the 
rhythmic movements which we will now examine in detail. 

According to the frequency of their occurrence these movements 
may be regarded as constituting a rapid rhythm or a slow rhythm. 
In the first case, the rhythm is for the most part regular, that is to 
say, the single contractions have the same height and amplitude, and 
succeed each other regularly (cp. Fig. 10); this form recalls the rhythm 
of the heart in very many ways. Single contractions may however 
disturb this uniformity; thus the initial and final movements are 


1 loc, eit. 
* All tracings in this paper are to be read from left to right. 
34—2 
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sometimes irregular and from the onset of exhaustion until it is 
complete, vigorous contractions may follow others of low or medium 


Fig. 1. 


height, and there may be variation in the amplitude and duration of 
movement. It is not easy to assign a reason. for these irregularities ; 
but probably their cause resides in some special (nutritional) condition 
of the animal; the experimental conditions were simple and, as far 
as may be, constant. I regard the regular rhythm as that which 
accompanies full nutrition, great excitability and strong excitation state 
of the muscular elements of the esophagus, but I cannot say whether 
such a rhythm is normal, although this seems probable. I will return 
to the point later. 

The irregular rhythm which occurs most frequently is periodic in 
nature, and two forms of it are represented in Figs. 2 and 3. It is seen 
that groups of contractions, varying in number from two to ten, or even 


Fig. 2. 


more, are separated by varying periods of quiescence during which the 
muscular tone sinks distinctly. Further, the single contractions of each 
group are unequal; as a rule (especially when the groups hold few 
contractions) the first is the most vigorous and the following movements 
decrease in size until the organ is quiescent. This recurring diminution 


> 
7 
i 
* 
t 
ve 
2 A 
4 
é 
J 
* 
7 


GSOPHAGUS OF APLYSIA. 485 


of contraction indicates, I think, a causal condition. of muscular ex- 
haustion. Moreover, careful examination of Fig. 2 shows that the 
duration of each contraction is longer as its height decreases, until the 


Fig. 3. 


rhythm gradually gives way to rest; this is unlike the facts observed 
for normal conditions of excitability, for example in the heart. Further, 
I find a note to the following effect: “watching the organ carefully 
while the separate movements are taking place, one can see a distinct 
difference in the velocity with which the wave of contraction travels 
from its point of origin over the cesophagus (v. infr.). In the case of 
the first contraction the passage can hardly be appreciated with the 
eye; later the observation of the travelling wave becomes easier.” And 
it may sometimes be seen that the last contraction wave of a group 
dies away on the cesophagus at a point more or less remote from its 
origin, but without reaching the lower end; this phenomenon occurs 
even in cases in which the rhythm is not truly periodic. 

Certain considerations suggested by these simple observations are 
not without interest. In the first place the analogy is clear with 
phenomena already established in the case of the heart. As in the 
heart, so here whatever the rate of rhythm, each contraction arising at 
a definite point travels over the organ, disappearing completely before 
the next arises; as in the heart, so here it would seem that the 
excitability of that cesophageal region in which the rhythmic move- 
ments take origin is lessened by a systolic condition of the succeeding 
portions. The stoppage of the wave of contraction in its course recalls 
further the well-known phenomenon of “block” in cardiac movements. 
In the case of the esophagus the block when it occurs is overcome 
after a time by the most vigorous contraction of the group; but this is 
succeeded by others which are smaller, and thus an irregular form of 
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rhythm is set up. When the rhythm may be described as regularly 
periodic (Fig. 2) it is probable that the conductivity of the muscular 


b 
Fig. 4, 


substance is lowered uniformly throughout the organ or that it is not 
profoundly changed; in the case of the regular periodic rhythm, 
indeed, interruption of the rhythm and diminution on height of the 
single contraction are alike due to lowered excitability of the especially 
automatic region, and the rhythm may in fact, after a while, become 
regular. On the other hand there is a certain form of irregular rhythm 
which I would call persistent; the automatic power of the upper end 
of the cesophagus is unchanged, but the waves of contraction—some- 
times reaching the lower end—are sometimes arrested at one point or 
another, according to the resistance they encounter. Some local change 
stops here the contraction,—a “block” is produced, while in the first 
case there is no such local change, but the automatic impulses are 
unequal in vigour and are grouped by the interposition of periods of 
quiescence. 

The movements which constitute the second form of rhythm are, 
as I have said, slower (1}—2 in each minute). They are not always 


— 

N 
4 

‘ 
* 


(ESOPHAGUS OF APLYSIA. 487 


regular, and recall the variations in tone described by Fano in the 
auricles of Emys europma and by myself in the auricles and cesophagus 


Fig. 5. 


of Amphibia and in the esophagus of the chick-embryo. They appear 
to be due to slow contraction and relaxation of a contractile material 
in the esophageal muscle other than that commonly recognized. It is 
especially noticeable here that the fundamental (more rapid) contrac- 
tions are especially marked at the summit and on the descent of 
tracings taken from the variations of tone (cp. Fig. 5). I have described 
a like relationship between the two sets of movements in my earlier 
papers, and regard it as indicative of a fundamental connection between 
two motor phenomena which become manifest simultaneously in the 
same muscular elements. 

It is a singular but not uncommon fact that these variat'ons of 
tone are of two kinds, as may be seen by reference to figures 6 a and 
66. In these tracings certain very slow oscillations are marked with 
more or less clearness (curves of the 3rd order), and on them are 
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superposed oscillations which represent the shorter, quicker, ordinary 
variations of tone (curves of the second order). From the curves of 
the 2nd order spring the curves of the Ist order, representing the 
relatively quick fundamental contractions. 

If we adopt the conception of Griitzner, we must infer here the 
existence of muscular elements of three distinct kinds,—one, effecting 
the fundamental contractions and comparable perhaps to the “pale” 
fibres of striated muscle which are poor in sarcoplasm,—and two kinds, 
comparable rather to the “red” muscular fibres which are rich in 
sarcoplasm, for the two orders of variations of tone. These hypo- 
thetical structural elements must be possessed of characters which 
correspond to that difference in motility revealed by the tracings. To 
me their existence seems improbable, and I would rather regard the 
fundamental contractions as due to action of the anisotropic fibrillae 
of the muscle cells, while the ordinary variations of tone (constituting 
curves of the 2nd order) are the expression of activity of their less 
differentiated substance or sarcoplasm’. Before attempting to explain 
the still wider variations (already noticed by Fano in the auricles of 
tortoise), appearing so clearly in my own tracings as curves of the 
3rd order, I must allude to certain observations on the csophagus 
of Aplysia as yet undescribed. Noting that in this organ suspended 
in the moist chamber the waves of contraction started constantly from 
the oral end, I became anxious to discover whether they were initiated 
by nervous impulses discharged by nerve cells remaining in the 
neighbourhood of the pericesophageal ring. To this end the following 
simple experiment was carried out repeatedly. I suspended the 
cesophagus with its proximal end downwards, bathing this region 
abundantly with a 4 p. c. solution of cocaine. The part thus bathed 
speedily lost all power of movement but the waves of contraction 
persisted,—arising immediately above the poisoned tissue and travelling 
as before. In this fashion I applied cocaine to more than } of the 
whole cesophagus, and with constant results; the tracings obtained 
showed no appreciable change from those token normally as regards the 
rapidity and general characters of the rhythm“, but the height of the 

1 Cp. Ph. Bottazzi. This Journal, XXI. p. 1. 1896. 

I realize now that it would have been well to determine carefully whether accurate 
measurements showed an absolutely unchanged rhythm ; further I might have proved (by 
leaving the oral end unhurt and applying cocaine: to the succeeding region) that the 
poisoned tissue does or does not transmit the wave of contraction. This point (which 
c heart) I hope to deal with 
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fundamental contractions was lessened as the strip of active muscle 
became shorter’. It would seem that a sort of functional polarity 
exists in the csophagus, so that the contractions arise and travel in 
constant fashion, and further that there are no grounds for the belief 
that its rhythmic movements are initiated by the nervous elements of 
the periesophageal ring. Comparison with the phenomena of cardiac 
contraction is again suggested, and these experiments seem to justify 
the following conclusions: All parts of the esophagus have automatic 
power but normally the oral end governs the rhythm of the whole 
organ and is the starting point for the fundamental contractions,— 
perhaps because of its high excitability, perhaps because it is markedly 
tonic (cp. below). When this region is rendered inactive the 
automatic power of the other regions becomes clear. No difference 
in rate of rhythm has been established here as in the case of the 
various segments of the heart, and though the point clearly demands 
investigation, it is possible that unlikeness in the action of the two 
organs may harmonize with the fact that the cardiac segments vary in 
structure, and thus contrast with the uniform character of the cso- 
phagus of Aplysia depilans. Another experimental fact which I 
would emphasize in this connection is the relaxation of the csophagus 
after its oral end has been treated with cocaine. This is in harmony 
with the fact that an anodic relaxation much more marked than that 
occurring in any other region of the organ attends the passage of a 
constant current through its oral end; but of this I shall treat in detail 
later. 

These facts seem to me to leave little doubt that the oral region has 
normally distinctively high tonicity. And it is possible that variations 
in this local tone give rise to those wide undulations which I 
have called curves of the 3rd order. Should this be so, they would 
not be due to the varying motor action of distinct structural elements 
(in accordance with Griitzner’s conception) or to the unlike motor 
properties of unlike contractile substance, but to local periodic changes of 
tone which, because of the special form of the organ concerned, affect 
considerably the tracings which it yields. I cannot say whether certain 
curves of the 3rd order noticed by Fano in the heart of Emys europwa 
bear a like explanation; but it does not seem improbable that they 


1 In some cases the application of cocaine induced regularity in an irregular rhythm. 
Probably traces of the solution spread upwards from the poisoned tract (by molecular 
imbibition or by diffusion) affecting the rhythm in the fashion I had noted before in the 
esophagus of Amphibia. 
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were due to the retention of portions of the “basal wall” in certain 
cases. This wall, by virtue of its characteristic structure (Gaskell) 
might show a slow characteristic (quite independent) rhythm. 


3. The effect of load. 


The few observations which I made on this point may be summarized 
as follows. 

1. The preparation was usually weighted with about 5 gr. (in- 
cluding the lever); with such a weight the contractions are not maximal, 
but fatigue is avoided. 

2. Loaded with 6˙5 to 7 gr. the cesophagus executes a rhythm with 
higher constituent contractions, which are however sometimes unequal ; 
in this case a line showing wider oscillations joins the apices of the 
primary curves. It is probable that this inequality indicates that the 
weight is great relatively to the strength of the muscle. 

3. A weight increased by 3 gr. produces elongation of the esophagus 
and the height of the fundamental contractions is diminished. 

4. With progressive increase of weight the elongation of the whole 
organ and lessening of its contractions proceed pari passu at first; later 
however the contractions continue to diminish when the general elonga- 
tion is at an end. 

5. Weighted with 60 gr. the muscle gives minimal but still visible 
contractions. 

6. The following facts are worthy of note: 

(a) The muscular rhythm was never appreciably augmented, 
probably because its rate (on account of other causes, eg. conditions 
of temperature) was already maximal: in certain cases however slight 
slowing could be observed. 

() Heavy weights—those which extended the muscle and re- 
duced the height of its contractions—induced after their removal a 
return to the condition of optimum weighting (6 to 7 grm.); the 
cesophagus assumed its normal length and executed contractions which 
were even higher than those produced under the same weight before 
extension. The stimulating after-effect is clear. 

7. After the application of such weights .as were clearly excessive 
(50—60 grm.) and almost doubled its length, the œsophagus returned 
to its normal condition of extension and acted normally; its elasticity 
may be considered approximately perfect. 


It is necessary to note that the wsophagus of Aplysia—like the 


* 
* 


@SOPHAGUS OF APLYSIA. 491 


unstriated muscles of vertebrates generally (with the exception of the 
retractor penis, upon which experiment is difficult) —is invested and 
penetrated by fibrous and elastic connective tissue and its muscular 
constituent cannot be isolated. It is clear then that estimation of its 
elasticity or other physical properties is only apparently precise, and we 
must here be content, I think, with approximate accuracy. 


4. The action of Induced Currents. 


The effects following the application of induced currents to the 
cesophagus of Aplysia depilans are briefly as follows: 

1. With the ordinary induction apparatus of Du Bois-Reymond 
and a bichromate cell minimal stimuli were obtained when the coils 
were separated by 60—70 mm. Thus, the irritability of the organ as a 
whole is relatively low, and I have not determined the existence of local 
variations of irritability. 

2. When approximately minimal stimuli are of brief duration they 
arouse a rapid initial contraction with slow subsequent relaxation; a 
period of rest follows and then the automatic rhythm returns, the 
duration of the inhibition and the height of the succeeding contractions 
varying with the strength of stimulus which produced them (Fig. 7). 
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3. When the csophagus is quiescent (as from exhaustion) and 
weak single stimuli have hardly appreciable effect the interrupted 
current of the same strength may produce rhythmic contractions which 
resemble markedly the automatic muscular movements. This result is 
in harmony with that obtained on the apex of the heart which may be 
roused into a rhythm independent of that of the stimuli which calls it 
forth (Fig. 8). 

Further, weak interrupted currents may increase the height of the 
fundamental contractions and augment their rate when applied to an 
cesophagus which is acting feebly. | 

4. Varying the strength of an interrupted current it is possible to 
obtain more or less complete tetanus (Fig. 9 a and b). This is not 


probably a true tetanus, however, such as may be demonstrated in 
striated muscle, but rather a tonic contraction or contracture during 


which such general shortening of the cesophagus occurs that the 


development of the fundamental rhythmic contractions is hindered. 

5. The effect of an induced current varies not only with its strength 
but with the frequency of interruption. Strong stimuli repeated every 
second produce a contracture broken by slight irregularities which are 
synchronous with the single stimuli, and when the current is cut off 
there is slow relaxation of the cesophagus. In suitable tracings this is 
indicated by a descending curve, a curve broken by the reappearance of 
an automatic rhythm more vigorous in character than that which 
preceded stimulation (Fig. 10). One shock per second is thus sufficient, 
perhaps more than sufficient, to produce contracture in this muscle. 

The effect of repeated shocks which are at once weak and slow is 
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shown in Fig. 116, There is but slight total contraction, curves due to 
each single stimulation appear on the tracings and synchronize with 


Fig. 10. 


single stimuli, and further, there is grouping so that the break shock is 
indicated by a vigorous contraction and the make shock by one that is 
lower: the slight rhythmic contractions follow the rhythmic stimuli 
faithfully. It would seem that in the esophagus an artificial 


Fig. 11. 
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rhythm may be substituted for the normal rhythm if the rate 
of rhythm of the stimuli be not too far removed from the 
normal. Such a substitution is not possible in the heart of vertebrates 
where stimuli of a given intensity excite the proper cardiac rhythm or 
are ineffective, whatever their rate; in this point therefore as in others 
the organ made of unstriated muscle differs from the heart. With 
increased frequency of weak stimuli the wsophagus shows a better 
marked tonic contraction so that the tracings exhibit a general, as- 
cending curve; the small curves due to the single stimuli decrease in 
distinctness (Fig. 11 a). 

All these experimental results must of necessity depend on the 
condition of the muscular tissue, as observations which hold for the 
fresh organ can naturally not be verified after long activity or in 
exhaustion. I have (unless the contrary is indicated) always used the 
cesophagus in good functional condition. 

6. I must add that in all or in nearly all my experiments with the 
interrupted current the phenomena of the initial contraction and the 
final contraction were observed clearly. Their character may be gathered 
from the tracings a and ö in Fig. 12 better than from verbal description. 


a Fig. 12. b 


7. I have made many experiments to decide whether a “ refractory 
period” oecurs in the esophagus of Aplysia and the retractor muscles 
of Sipunculus (v. infra). But, as I have had occasion to point out in 
the case of the Amphibian wsophagus, the automatic movements of un- 
striated muscular tissue are not maximal as are those of the heart, and 
an eaxtra-contraction follows an extra-stimulus whenever the stimulus is 
applied. Nevertheless it is easy to show that stimuli applied during the 
phase of relaxation are more efficient than those led into the muscle 
during the rise of an automatic contraction; and that their efficiency 
increases with the completeness of the relaxation. 


4 
| 
A 


G@SOPHAGUS OF APLYSIA. 495 


5. Action of the Constant Current. 


In studying the action of the constant current I always used the 
non-polarizable electrodes of Du Bois-Rey mond, which by a convenient 
arrangement were brought into contact with the muscular tissue within 
the moist chamber. I may say further that by the term weak current 
I refer to a current generated by 4 Daniell cells, while 6 or 7 Daniell 
cells gave rise to the strong current. This number of cells is needful to 
produce a current which shall serve as effective stimulus for * 


cesophageal muscle. 


Fig. 13. 


1. The weak constant current applied to the cesophagus of Aplysia 
and broken rhythmically at intervals of from 2 to 5 seconds inhibits the 
automatic movements (cp. Fig. 13) even when they have been energetic. 
and regular; this fact recalls the observations of Foster and Dew 
Smith on the heart of the snail’, 

2. When the constant current passes equably it produces more or 
less contracture according to its strength. The tracings in Fig. 14 
represent this and are self-explanatory; a shows the effect of a weak 
current, 6 that of a strong current, and in c the normal rhythm of the 
cesophagus is represented. 

3. The stimulating after-effect of the constant current is shown 
very clearly in Fig. 15; here the marked contracture which a strong 
current had produced is succeeded by striking augmentation of rhythm 
and of height of contraction. 

4. I examined with especial care the polar action of the constant 


1 Proc. Roy. Soc. No. 160. 1875. 
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current, realizing the importance of the phenomenon in the case of all 
muscular tissue. In this connection the researches of Biedermann’ 


Fig. 14. 


and his pupils and the later work of v. Uexküll! are so well known that 
simple reference to them is sufficient. In my own experiments I used 


Fig. 16. 


1 Elektrophysiologie, Bd. 1. Jena 1895. Op. also Fürst (Pfliiger’s Arch. XVI. p. 867); 
Schillbach (Vireh. Archiv, 1887, p. _ H. Jofé (These Inaugur.) Geneva, 1889, 
® Zeitech. f. Biol. xxxm, p. 1. 
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the wsophagus of Aplysia limacina, which as I have said exhibits 
only feeble and transient automatic contractions and is normally 
of lower tone than is that of Aplysia depilans. Making use of it 
therefore I avoided the difficulty which was met by Biedermann in 
working with the longitudinal muscles of the Holothuria. My experi- 
mental arrangements may be understood at once by reference to 
Figures 16 and 17, and were as follows: a large plate of glass was 
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Fig. 17. 


suitably supported and covered with blotting-paper wet with sea-water ; 
the esophagus placed on this was stretched by two small weighted 
hooks (each carrying about 2 grm.), the two threads attached to the 
hooks playing over two small pulleys which were fixed at the same 
level of the glass plate. 

The organ was thus extended without being excessively stretched ; 
its position on the damp surface was stable, and according to the 
position of the pulleys local contraction or expansion at any point 
could be determined. The ends of two non-polarizable electrodes made 
of twisted thread wet with sea-water were adjusted carefully in the case 
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of bipolar stimulation, but unipolar stimulation was studied when one 
electrode was connected with the muscle and one with some point of the 
moist paper. An abundant supply of animals was ensured to me by the 
kindness of Dr Lo Bianco, so that to avoid any complication of results 
due to fatigue of the tissue examined I used the same esophagus for 
but few observations, and in all cases took immediate note of the 
experimental results. Of these, the following is a brief summary: 

A. Bipolar stimulation (Fig. 17). I. Examining the cesophagus 
as a whole I found that at the make, and during the passage of the weak 
current (upper diagram), there is bulging of the muscular tube at the 
kathode (contraction of longitudinal muscles) and slight thinning at the 
anode, II. On breaking the current (lower diagram) the kathodic region 
returns to the condition of rest and at the anode there is slight bulging. 
When however the current is stronger, the kathodic contraction spreads 
over the intrapolar region, giving more widespread shortening,—clearly 
the effective cause of an appreciable total shortening of the esophagus. 

B. Unipolar stimulation (Fig. 16). III. When the anode is placed 
on the muscle, thinning may be seen clearly beneath the electrode while 
the current passes (upper diagram); indeed an observer has the im- 
pression that the substance of the cesophagus is displaced in wave-like 
fashion from this point in opposite directions. I have noticed a slight 
general shortening of the organ however, which indicates I think 
that real contracture may be set up laterally of the actual anode. 
(Biedermann.) When the kathode is placed on the muscle, con- 
trasting phenomena may be observed, that is to say there is local 
bulging of the cwsophagus during the passage of the current (lower 
diagram), as if substance were drawn from its two ends and heaped up 
under the electrode. IV. At the break of the current there is a return 
to the normal condition in both cases; and if the current has been strong 
and the cesophagus vigorous there may be actual reversal of the effects ; 
in such case there is anodic contraction (of the longitudinal muscles) 
and kathodic relaxation’. In place of the anodic thinning at the make 
of the current, there is an anodic bulging at the break, and in the place 
of the kathodic bulging at the make of the current, a kathodic thinning 
at the break occurs. But these effects are never so obvious as the 
primary ones. 

I think that the experimental results obtained with this cesophagus 
are thus clear and precise,—almost diagrammatic—because stimuli take 


To avoid misconception I may note here that I use anode and kathode to indicate 
respectively the point of ingress in and egress off the muscle of the stimulating current. 
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effect chiefly on the well-developed longitudinal muscles; the circular 
muscle is scanty here, and therefore unimportant. And it is easy to 
determine that the anodic action—especially the anodic make relaxa- 
tion—depends largely upon the tone of the muscle at a given time. If 
the tone be marked and persistent (although not taking the form of 
true contracture which characterizes the longitudinal muscles of the 
Holothuria), the effects just described are observed, that is to say, clear 
anodic relaxation; when on the other hand the muscle is atonic there 
is no visible effect at the make of the current or during its passage, but 
only the anodic contraction occurs when the current is broken. 

I have said that the esophagus of Aplysia limacina is especially 
suited for such experiments because it is never characterized by high 
tone; yet when the movements of the esophagus of Aplysia depilans 
are registered, certain facts which are worthy of note may be observed 
during bipolar stimulation. The constant current being ascending, 
different results are obtained according as the oral or ab-oral extremity 
of the organ is uppermost, that is to say, according to the region which 
is in contact with the kathode (upper electrode) or with the anode 
(lower electrode). In the former case (the current being strong) a 
tracing is obtained such as that represented in Fig. 14 ö; contracture 
develops during the passage of the current and there is no indication 
of polar action. In the second case (that is to say, when the oral end is 
in contact with the anode) the tracing obtained resembles that repre- 
sented in Fig. 18: before stimulation the automatic rhythm is regular, 
but at a (the moment of “make” of a current from 6 Daniells) a tonic 
contraction develops, persisting until the current is broken at b. At the 
moment of break a quick contraction is superposed on the existing tone, 
and the cesophagus then relaxing manifests its normal automatic rhythm 
once more. The cause of such a constant difference seemed to me at 
first most obscure; but I have come to regard it as resident in the 
high tonicity of the oral end of the esophagus of Aplysia depilans 
which affects the polar action at the anode. Thus when the anode is 
connected with the relatively atonic ab-oral region (first case) it brings 
about no appreciable relaxation at the make or during the passage of 
the current, while the make contraction of the kathode, which is in 
contact with the more irritable portion of the esophagus, is dominant; 
at break on the other hand weak anodic contraction is overcome by the 
relaxation at the kathode, so that signs of polar action are absent from 
the curve (Fig. 146). When however the anode is in contact with the 
distinctly tonic oral region there is naturally distinct local relaxation 
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at the make and during the passage of the current; the act of 
contraction is still determined by the kathode, but the total shortening 
of the preparation is diminished (Fig. 18) partly because the kathode 
now acts upon the less excitable ab-oral regions and partly because its 
effect tends to be neutralized by relaxation at the anode which is 
indeed visible to the naked eye. At the break of the current a weak 
kathodic relaxation is more than compensated by anodic action on a 
region which, normally more excitable, is at the moment in a state 
of relaxation; thus the curve registered shows the anodic break con- 
traction in characteristic fashion. It is to be noted here as in the 
cesophagus of Aplysia limacina that with strong currents the whole 
intrapolar tract is involved in the kathodic make contraction, a fact 

which harmonizes with the observations of v. Uexküll on the retractor 
muscles of Sipunculus nudus, This may in part be the cause of the 


Fig. 18. 


very marked shortening seen when the kathode stimulates the excitable 
oral region. 

If, as I believe, I am justified in associating these phenomena with 
the peculiar conditions of higher tonicity which mark the especially 
automatic region of the csophagus, much as they characterize the 
sinus of the heart, the interpretation is of distinct importance as 
showing once more and very clearly that anodic relaxation depends 
mainly upon the condition of tone of the muscle. Moreover my 
experiments make clear a fact which is probable d priori, the fact 
that high excitability of the tissue is as important a factor as is the 
strength of the stimulating current. I have not, it is true, determined 
by precise experiments that the oral end of the esophagus is especially 
irritable, but this may be inferred from the general behaviour of the 
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organ and from other considerations. And in fact, kathodic stimulation 
of this region gives especially vigorous contraction of the whole organ 
even when the current is weak, and much of the intrapolar tract in 
some cases may be involved; the reverse obtains when the kathode 
is placed on the ab-oral end of the csophagus. 


6. Comparison of these with other rhythmic movements, and con- 
siderations touching the causation of the movements generally. 


From the tracings given in Figures 19, 20, 21, 22 it is clear that 
the execution of rhythmic movements characterizes certain muscles of 
Sipunculus nudus [the retractores of the proboscis (Fig. 19) and the 
muscles of the body wall (Fig. 20)] and also the muscles of the tube 


Fig. 19. 


feet of Asteropecten aurantiacus (Fig. 21), and Luidia ciliaris (Fig. 22). 
And v. Uexküll using a“ muscle-nerve preparation of the retractors 
of Sipunculus describes and figures “spontaneous” contractions lasting 
as long as 30 sec. I also observed rhythmic automatic contractions of 
such a duration (Fig. 19, the larger curve) that they could not be 
ascribed to external stimuli, and I proved that they were independent 
of the nervous central tissue by treating the proximal region of the 
preparation with 4°/, solution of cocaine or by removing it altogether. 
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After poisoning or removal the characters of the rhythm were un- 
changed. Portions of the wall of the proboscis of Sipunculus, excised 
by longitudinal cuts and suspended in the moist chamber, showed 


Fig. 20. 


similar but more irregular movements; direct observation shows that 
they are peristaltic in nature. (Fig. 20). 


Fig. 21. 


Fig. 22. 


The tube feet of the Asteroidea,show very regular rhythm (Figs. 
21, 22); the musculature of these organs is tubular, its longitudinal 
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elements being especially marked. Indeed their structural characters 
suggest that the tube feet of large specimens would be admirable 
objects for investigation; I found however that even slight mechanical 
stimuli produced exaggerated and persistent contracture,—a tonic 
contraction which was unaffected by the application of weights. 

In reviewing these various movements the question arises, “ Are 
they nervous in origin?” a question so familiar in connection with 
cardiac activity that its repetition might seem futile until some 
muscular organ is described which is at once destitute of nervous 
elements and possessed of automatic rhythmic power. 

With regard to the esophagus of Aplysia, Mazzarelli describes 
one large much-branched nerve springing from each buccal ganglion ; 
a branch of the right nerve enters the muscular tissue of the esophagus 
in the anterior or middle region. He does not describe ganglia in the 
cesophagus or in other parts of the digestive tube, and this notwith- 
standing his account of a nervous ring encircling the gut as it widens 
to form the second stomach; in fact, he speaks of the nervous tissue 
here as not reinforced by ganglion cells. This is in harmony with 
the results of Dr G. Levi and myself; we made a careful histological 
examination of the cesophageal tissue, and neither by Golgi’s method 
of staining nor by that of Nissl and Apathy could we demonstrate 
the presence of elements having any likeness to nerve-cells. It may be 
of course that the methods are unsuitable for this special invertebrate, 
all the more as we are concerned with visceral and not somatic inner- 
vation. In the case of vertebrates the experimental work of Langley 
goes far to show that the ultimate innervation of the intestine must 
be looked upon as a special case of visceral innervation, and that to 
regard the so-called nerve-cells of the intestinal wall as strictly 
comparable with motor-cells of the cerebro-spinal or sympathetic 
systems is to prejudge the question of their nature. 

Almost the same statements hold for the rhythmic movements of 
the tube feet of Asteroids. The muscular tissue does not indeed 
contain nerve-cells, but I could not separate a “foot” from its base 
where a ganglion is present, and thus I could not demonstrate the 
myogenic character of its rhythm. 

But in the case of the retractor muscles of Sipunculus especially 
after removal of the proximal region, it can hardly be doubted that the 
movements are myogenic. I do not know of histological evidence on 
this point, but to postulate the existence of nerve-cells here would be 
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as gratuitous as to accept it for the striated muscles of vertebrates, 
for the function and peculiar characters of these retractors force us to 
compare them with the somatic muscles of higher animals. v. Uexkiill 
has put forward the view that the only valid classification of muscular 
structures separates them into a visceral and a somatic group, and that 
it is relatively unimportant whether they be “pale” or “red,” and 
whether their constituent elements hold longitudinal fibrille or show in 
addition transverse striation. With this view I am in complete accord, 
and, regarding the retractor muscles of Sipunculus as somatic in 
character and hence destitute of local nerve-cells, I yet demonstrate 
in them the power of automatic movement, the movements being 
slow and infrequent but fairly regular. 

I may notice very briefly certain statements made on this point by 
P. Schultz’. He constantly speaks of his ventricular preparations as 
composed of a single layer of muscle cells, and in discussing their 
properties says, These movements [automatic]...are produced reflexly 
by sensory stimuli. Plain muscular tissue possesses no power of 
independent movement,—no movement apart from external or internal 
nervous stimuli.” As proof of this statement the fact is adduced that 
a 5°/, solution of atropin stops the movements finally. Probably delay 
or the use of a less harmful solution would have revealed the existence 
of rhythmic power still; but in any case examination of the literature 
of the subject with which he was concerned would have shown Dr 
Schultz that, in the case of the unstriated cesophageal muscles the 
inhibition of action produced by atropin soon gives place to automatic 
movements of redoubled vigour (Bottazzi). I feel it impossible how- 
ever to spend serious criticism on work which contains such statements 
as the following: that unstriped muscle is destitute of myosin and can 
never be thrown into heat-rigour,—that muscular tone in unstriated 
muscles is a manifestation of reflex action, that the effects of heat 
and cold are indirect and brought about by means of sensory nerve- 
cells found locally,—that distilled water stimulates to slight contrac- 
tion,—that muscarin, pilocarpin, and veratrin are without action on 
unstriated muscles, and that cocaine is a specific poison for sensory 


Arch. fir Physiol. 1897, pp. 307, 322, 829. 
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7. CONCLUSIONS. 


1. The csophagus of Aplysia depilans excised and placed in 
a moist chamber executes automatic contractions. These number 
15 or 16 per minute and constitute a regular or irregular rhythm 
which persists through many hours. 

2. These rhythmic movements which in many ways recall the 
contractions of heart muscle are of three kinds; (a) fundamental 
contractions, comparable with the cardiac systolic rhythm; (6) slower 
undulations having the characters of those tone undulations which 
may be demonstrated in the auricles; (c) still slower undulations, seen 
but rarely. With regard to the causation of movements of the first 
and second class, I would still maintain the views on the action of 
sarcoplasm formulated by me in this Journal’; the slowest movements 
are due, it would seem, to changes in tone of the oral end of the 
cesophagus,—a region which is always more highly tonic than the rest 
of the organ. 

3. The rhythmic movements are to be regarded as purely myo- 
genic; they are not markedly affected by poisoning the oral region 
with cocaine, such local relaxation as does follow the application of the 
cocaine being probably the expression of the intimate dependance of 
muscular tone upon the physiological integrity of the individual muscle 
cells, Moreover nerve-cells cannot be demonstrated histologically in the 
cesophagus. | 

4. These movements recall the movements of the heart; thus the 
wave of contraction arises constantly from a fixed point and travels in 
a constant direction, a periodicity of rhythm may be detected, and the 
nature and genesis of the rhythm are probably like cardiac phenomena. 
But fundamental differences do exist; there is no refractory period in 
the action of unstriated muscle and its rhythm is more sensitive to the 
application of rhythmic external stimuli. 

5. Tension does not alter the rate of rhythm (perhaps because it 
was maximal), but up to a certain point it does increase the height of 
the individual contractions, and it has a generally stimulating effect. 

6. The effects of electrical stimuli (the induced and constant 
current) have been detailed in the text as “conclusions” and I will 
not recapitulate. 


loc. cit. 
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7. The conclusions which I have formulated concerning the ceso- 
phagus of Aplysia are on the whole valid for the retractor muscles 
of Sipunoulus nudus', and for the muscles of its body wall, and for the 
tube feet of Asteroidea. 


It is a pleasure to express my gratitude to the Italian Minister of 
Education, by whom a table in the Zoological Station at Naples was 
assigned to me. To Prof. C. Schönlein and to Dr Lo Bianco I am 
indebted for suitable apparatus and abundant material ; and to Signorina 
Degani and to Miss Greenwood, for the care and trouble they have 
taken with this translation. 


1 I am anxious to correct here a mistake which appeared in my Preliminary Note on 
the movements of the esophagus of Aplysia depilans.” In that paper I spoke of the 
automatic movements observed by v. Uexkiill in the retractors of Sipunculus as probably 
reflex in nature, regarding as automatic those more irregular movements which I repre- 
sented in Fig. 2 of the Note. This is a mistake, probably due to confusion between 
tracings which demonstrate respectively the rhythm of the retractors and the rhythm of 


the muscular body wall. As I have said in the text, my results are in complete accord 


with those of v. Uexküll; I did indeed find that each fundamental contraction had a 
duration of nearly 30 sec. 
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Comparative effect of reagents upon the negative variation 
and upon the electrotonic currents A and K. By A. D. WALLER. 


Considering the negative variation as a propagated kathodic effect 
—and the negative variation provoked by tetanising induction currents 
as an algebraic sum of alternating anodic and kathodic effects—the 
question arises whether an augmented negative variation may not 
be caused by any agent favouring kathodic and disfavouring anodic 
polarisation, and similarly whether a diminished negative variation 
may not be caused by any agent favouring anodic and disfavouring 
kathodic polarisation. Another possibility, viz. that an increased 
or diminished negative variation might be due to an unequally 
increased or diminished polarisability—anodic and kathodic alike— 
obviously subsists. 

We may not indeed unreservedly admit the altered relations 
between fixed anodic and kathodic polarisation to be indicative of 
strictly parallel alterations of the propagated effects—in point of 
fact we know that the anodic effect predominates in the former, the 
kathodic effect in the latter. Nevertheless bearing this reservation 
in mind, it remains desirable to test whether with an augmented or a 
diminished negative variation there is or is not a parallel augmen- 
tation or diminution of fixed anodic or kathodic polarisation. ; 

For the investigation of this matter, it is necessary to examine 
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| simultaneously—or as nearly as possible simultaneously—the influence 
| of various reagents upon the negative variation and upon the A and K 

extrapolar currents. In earlier experiments this was done by taking 
{ regular galvanometric records at one minute intervals, the necessary 
| manipulations of keys being effected by hand. In subsequent experi- 
ments a circular mercury commutator was devised to automatically 
deliver to the polarising or exciting electrodes a regular series of 
currents in alternating directions. The time-relations of this delivery 
at each revolution were as follows :— 


Slow Quick 
1, Anodic current... 10 sees. 1} seca, 
Interval ae 50 „ 8} „ 
2. Tetanising current. 10 „ 1 „ 
Interval 50 „ 87 „ 
3. Kathodio current 10 „ 1 „ 

Interval eee 50 „ 81 „ 
| 4. Tetanising current ... 10 „ 1 „ 
Interval 50 „ „ 


where the modifications produced were more rapid than could be 
followed by galvanometer, as well as to enable their initial effects to be 


1 more closely examined. 
a Current-escape, simulating the true A and K effects, was tested 
U for by crushing the nerve in the interpolar region. The best experi- 
ments are those in which the effects are completely abolished by 
4 crushing. Other experiments in which a remainder has persisted 
| after crushing have indeed been utilised, but with considerable 
| reservation as to the actual values of A, K and A/K, and in utilising 
| such experiments it has been thought well to correct the observed 
| values by subtraction of the amount due to current escape (eg. Exp. 
| 2801, 2803, 2805, where both the uncorrected and the corrected 
numbers have been tabulated). It is evident that unless this current- 
escape is taken into account, the A/K quotient will come out unduly 
{ small, and the A and K currents may falsely appear excessively 
| refractory to reagents. In the three experiments (2201, 2235, 2290) 
| quoted from a previous paper’ there was no current-escape. 


The electrometer was enlisted as a recording instrument in cases 
| 


1 Phil. Trans. R. S. 1897, pp. 98, 97 and 98. 
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N Time of a complete revolution 4 mins. 40 secs. 
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Exp. 2201. Feb. 18, 1896. Effects of Aconitine on negative variation, 
Nerve } hour in saline. Tetanisation at 50 units. Polarising current = 1-45 volt. 


on A and on K. 


Time Neg. Var. A K A/K 0-001 volt 
114 
min. -9 — — 
— +14 
3 2 
-8 
— +14 ae 
6 pa dis 
7 -7 — 
Aconitine hydrochloride, 1°/, solution, bath for 1 min. 
= — — 11°0 
— +9 — 
16 — agg. 
— +55 
19 2 
21 5 — 
— + — 
23 0˙0 — — 
25 
26 Nerve crushed in interpolar region 11˙5 
27 00 — . 
28 — 0˙0 dine 
29 — — 0-0 


on K. Nerve in 
v 
Time Neg. Var. 
0 min. 
—3˙5 


difference is witnessed whenever nerve is gradually narcotic. No ecurrent-escape. 


Exp, 2235, Feb. 22, 1896. Effects of carbon dioxide on negative variation, on A and 
saline 24 hours. Tetanisation at 20 units. Polarising current=1°45 


A 


+70 


K 0-001 volt 
9°5 
* 
= 1-75 


. Remarks, 
associated with decreased anodic and increased kathodic polarisation. No current-escape. 


— +7°5 
Carbon dioxide for 1 minute } 
—7˙5 — 
— +2°5 
105 — 
— +70 
— 40 one 
— 1＋18˙0 
~1%5 — 
— +14°5 1 
3°5 — 
— +9°5 
19 — 
20 —2 — 
21 — 
— | 
23 
24 
a2 q 
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Exp, 2290, Effects of Ather on negative variation, on A and on K. Nerve in saline 
2 hours. Tetanisation at 50 units. Polarising current 1°45 volt. 


Time Neg. Var. 


0 min. 
1 - 105 
2 — 
3 — 
4 -10-0 
5 — 
6 — 
—10˙0 
8 — 
9 — 
10 
11 
1 
18 0°0 
14 — 
15 — 
16 00 
17 — 
18 — 
19 0˙⁰ 
20 — 
21 — 
22 00 
23 — 
24 — 
25 0°0 
26 on 
27 


A 


1181 


+ 
= 


Ether vapour for 3 minutes 
2 


—1 


-1 


Nerve crushed in interpolar region 


88 


A|K 


6°7 


6°0 


4°5 
4˙5 
3-0 


20 


0-001 volt 
12 


12 


Remarks. Abolition of the negative variation with diminution of the A and K effects 
and of the quotient 4/K. No current-escape. In this experiment ether has produced 
primary depression of all currents without the preliminary augmentation witnessed in 
other instances under the influence of anwsthetics (¢.g. Exps. 2372, 2373). 


Exp. 2340. Oct. 31, 1896. Effect of heat on A and K currents. Nerve in saline 


8 hours, 


Neg. Var. 


before | +4 


A K 

Heat to 40°, 
—7˙8 


A|K 


0-001 volt 
| 6 


— 
* 
—1˙5 
| +4°5 — 
— -1 
+4°5 — 
— —1 
+3°5 — 
— -1 
+30 — 
| — 
— — 
+2°0 — 
= 
— 0°0 
ö | = 
| after | -85 | 
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Exp. 2872. Nov. 20,1896. Effects of Ather on A and K. Nerve 24 hours in saline. 


Polarisation by 0°5 volt. 


Time Neg. Var. A K A/K 

0 min. 

2˙47 
2-80 

8 +24°5 — 

10 
ll ~10°5 

15 — 
17 
19 
21 
23 „ 
25 
27 
29 „ 
50 


Remarks, Preliminary augmentation followed by temporary diminution of 4, of K 


and of A/ K. 


Exp, 2373. Effects of Chloroform on A and K. Nerve 24 hours in saline. Polarisa- 


0°001 volt 
8 


7 


tion by 1°5 volt. 
Time Neg. Var. A K A/K 0-001 volt 

0 min. 9 

4 

é 

7 — =100 

8 

1 

15 -49 10 
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Time Neg. Var. A K A/K 0001 volt 

— +9 “Gs 12 

— 15 

2 10 
25 

25 


Remarks, Preliminary augmentation followed by permanent diminution of 4, of K 
and of 4/K. 


Exp. 2451. Jan. 28, 1897. Effects of Chloroform on the A and K currents. Nerve 
4 hour in saline. Polarisation by 1°5 volt. 
Neg. Var. A X A/K 0-001 volt 
before | — | +185 | -75 | 245 | 8 
Chloroform vapour for 6 minutes. 


after — — 10˙0 5°40 — 
10 mins. later — +20°0 —8˙5 2°35 — 
20 +160 —6˙5 2°45 


Remarks. Augmentation of A and of K and of 4/K. 


Exp, 2518. March 8, 1897. Effects of Aconitine on A and K. Nerve in saline 
5 mins. Polarisation by 1°5 volt. 


Neg. Var. A K 4K 0-001 volt 
before | — 


Pseudaconitine hydrochloride, 1% solution. 


after — 718˙5 81 75 
10 mins. later — +14 -42 B°4 — 
28 ” — +2°5 -20 12 70 


Remarks. Augmentation followed by diminution of A and K. 


Exp. 2531. March 25, 1897. Nerve in saline 15 mins. Tetanisation at 20 units. 
Polarisation by 1°5 volt. 


Neg. Var. A K 4K 0-001 volt 93 
before | -40 416 -6 „ 
Sodium bromide, M/5 solution for 1 minute. 


after —3°5 +21 -9 2°3 90 
20 mins. later ~80 +18 -9 20 8°5 
after crush 00 0°0 0-0 — — 


The 4 and K currents are increased while the negative variation is diminished. 


| 
| 
| 
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Exp. 2532. Nerve in saline 5 mins. Tetanisation at 20 units. Polarisation by 
1°5 volt. 


Neg. Var. 4 K AIK 0-001 volt 
before | —— 1 +9 5 
| Potassium bromide, M/10 solution. 
after +18 -55 88 
20 mins. later — +13 -30 43 4 


The A and K currents are increased. 


Expr. 2533. Nerve in saline 1 hour. A and K by 1°65 volt. 


Sodium bromide, M/10 solution. 
No appreciable effect. 

Exr. 2884. Nerve in saline hour. Tetanisation at 20. Polarisation by 1-5 volt 
* 
Potassium bromide, M/10 solution. 


The A current is increased while the neg. var. is abolished. 


Exp, 2535. Nerve in saline 2 hours. Tetanisation at 20. Polarisation by 1°5 volt. 


before | -5 | +16 | — 1— | 13 
Potassium bromide, M/10 solution. 
after | W711 — 1— | 15 


The A current is increased, while the neg. var. is abolished. 


Exp. 2536. Same nerve. New transverse section. 


before | -50 | +160 | -40 | 40 | 13 
Potassium bromide, M/10 solution. 

after -20 +20°0 20°0 17 

10 mins. later 00 ~10 17°5 15 


The neg. var. is abolished, while the A current is increased. At the same time the 
K current, originally small was further diminished—? alkaline effect. 


Exp. 2537. Nerve 24 hours in saline (used previous day for Exp. 2532). New trans- 
verse section. Tetanisation at 20. Polarisation by 1-5 volt. 


before | -85 | +160 | -95 | 17 110 
Potassium iodide, M/10 solution. 

after -70 +27°5 —12˙5 22 110 

18 mins. later -30 +27°5 —10°0 27 9°5 

after crush 00 00 00 — as 


The A and K currents are increased while the neg. var. is diminished. No current- 
escape. ‘ 


* 7 
* 12 
4 
4 
~ 
* 


| 
1 


—ꝓ— 4D 


dee 


viii PROCEEDINGS OF THE PHYSIOLOGICAL 
Exp. 2538, Nerve 4 hours in saline. Polarisation by 1-8 volt. 


Neg. Var. A X 4K 0˙001 volt 
before — | +140 | -8 eS. ae 8 
Potassium bromide, M/5 solution. 
after — +84°0 — 22 1°54 — 


The A and K currents are greatly increased. 


Exp. 2540. Same nerve next day. New transverse section. Tetanisation 50. Polari- 
sation 1°5 volt. 


before | -55 | +19 | -95 | 20 | — 
Potassium bromide, M/5 solution. 
65 +27 —11°5 2˙3 8°5 
10 mins. — | Bh | +23 | -110 | 2˙1 | 8°5 
after crush 00 — 
Exp. 2541. An old nerve. Tetanisation 20. Polarisation 1°5 volt. 
before | +25 | — 1 -106 | — | 75 
Potassium bromide, M/10 solution. 
after | -10 | — 1 2105 — | 80 


Positive converted into negative variation. A similar conversion is obtained by a new 
transverse section, by acids, by heat (Exp. 2340) and by hydroquinone (Exp. 2373). 


Exp. 2801. Oct. 80,1897. Effects of carbon dioxide on the negative variation, and on 


the 4 and K currents. ey eee: Tetanisation at 20 units. Polarisation 
by 0°5 volt. 


Time A K A|K 00001 volt 


obs. corr. neg. var. obs. corr. neg. var. obs. corr. 
0 00“ 718 13 — — — 
10 — — trace — — 26 65 
20 — — —7 2 — 
30 — — — — trace 
40 +18 13 — — — 
50 — — trace — — 26 65 
100“ — — 7 2 — 
— — — — trace 
20 +18 13 — — — 
30 — -10 — 5 — 20 3-25 
40 — eins —9 4 * 
50 — — —1˙5 
co. 7 00“ 714 9 — — — 
2 10 — — trace — — 14 18 
20 — — -10 5 — 
30 — 0˙0 
40 711 6 — pod 
+50 — 00 — — 11 12 
8 00” — — — 10 5 — 
10 — — sai 0-0 
30 — 0-0 — — 12 14 
40 ~ — -10 8 — 
50 —— — — —0˙5 


* * 
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Time A X AIK 0-001 volt 
obs. corr. neg. var. obs. corr. neg. var. obs. corr. 
400“ 716 11 — — — 
10 — -10 — — 14 17 
20 — — -115 65 — 
30 — -10 
40 +19 14 — — — 
50 — —3˙⁰ — — 1°45 1-7 
sor — — 218 8 — 


— 
D 
| 
! 

E 


**20 +21 16 — — 
30 — —4˙0 — = 15 18 
40 — — -14 9 — 
50 — — — —4˙0 
eo” — — — — 21 
wagitive variation associated with dimlstshel encile end 
with ** increased kathodic contra abolished negative variation in 
+ di — kathodic polarisation. (Current- 
escape= + 


Exp. 2803, P ve variation, and on the A and K 
currents. Capillary electrometer. Tetanisation at 20 units. Polarisation by 0-5 volt. 


Time A K egg 0°001 volt 
obs. corr. neg. var. obs. corr. neg. var. obs. 
000“ +12 7 — — — 10 
10 —1˙5 — — 17 35 
20 — — -7 2 — 
30 — — — —1˙5 
40 +12 7 — — 
50 — —1˙6 — — 17 8˙5 
100“ — — -7 2 — 
10 — — —1˙5 
20 +12 7 — — — 
980 — —1˙5 — — 17 365 
40 — — -7 2 — 
50 — — — -8-0 
E. 20 — -8 8 
980 — — — —4˙0 
40 +21 16 — — — 
50 — —4˙0 — — 26 5&3 
00” — — -8 8 — 
10 — — — —2°5 
20 +18 13 — — — 
830 — — — — 22 43 
40 — — -8 8 — 
50 — — — -10 
400“ +18 13 — — — 
10 — —2˙0 — — 20 3-25 
20 — — -9 4 — 
30 — — — —2˙0 
40 +19 14 — — — 
50 — —8˙5 — — 21 35 
00” — — -9 4 — 
10 — — — —8˙0 
20 +19 14 — — — 
830 — —4˙0 — — 21 365 
40 — — —9 4 — 
50 — — — -40 
— — — — 
Remarks. Excitant effect. Augmentation of negative variation, with augmentation 
of A, K and 4/ K, the augmentation of A being greater than that of K. (Current - 


8 
) 
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- Exp. 2805. Effects of Chloroform on variation and on the A and K 
currents. Capillary electrometer. Totanisetion 20 units. Polarisation by 0°5 volt. 
Time A K A/K 0001 volt 
vo — — — — 11 
10 +100 6-0 — — — 
20 — -8-0 — — 20 60 
80 — — —5˙0 1-0 — 
40 — — — —8˙0 
50 . +100 6-0 — — — 
rw — -38-0 — — 20 60 
10 — — —5˙0 1:0 — 
20 — — — — 3-0 
80 +100 60 — — — 
40 — — 8-0 — — 20 6-0 
50 — — —5˙0 1:0 — 
2’ 00” — — — -8-0 
10 +100 6-0 — — 
-8-0 — 20 6-0 
— -50 10 
40 — — — —2˙5 
50 +110 7:0 — — 
8.00“ — —1˙5 — — 18 8·˙5 
10 — — -60 2-0. — 
20 — — — 21˙0 
— 1 88 
— — — — 
= 50 — — -60 2˙0 — 
4’ 00” — — — — trace 
10 +110 7:0 — 
20 — 0˙0 — — 16 23 
80 — — -70 8·0 — 
40 — — — 0-0 
50 +110 7-0 — — — 
‘so — 0˙0 — — 16 23 
10 — — -70 30 — 
20 — — — 0-0 


Remarks. Abolition of the negative variation in association with the augmentation of 
the A and K currents, the augmentation of K being greater than that of 4. (Current- 
escape = +4.) 

These examples illustrate the general rule that the negative 
variation is more easily influenced by reagents than the fixed extra- 
polar currents A and K. The former may be markedly diminished at 
a time when the latter are markedly augmented (eg. Exp. 2537), or 
it may be abolished at a time when the A and K currents are only 
diminished (Exp. 2201). 

A diminished negative variation is sometimes associated with an 
augmented A (Exps. 2535—7) or as a profound effect with a diminished 
K (and A) (Exp. 2201) and an augmented negative variation with 
a diminished A (Exp. 2235) or an increased K (Exp. 2801). But this 
association is not constant ; there may be diminished negative variation 


1 Phil, Trans. R. S. 1897, p. 57. 
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with diminished A (Exp. 2201) or with increased K (Exp. 2537), and 
augmented negative variation with augmented A (Exp. 2803). And in 
point of fact diminution of the negative variation has generally appeared 
in association with diminution of A/K—chiefly by reason of the 
predominant diminution of A. On the other hand an augmented 
negative variation in association with a diminished K has not come 
under my observation. 


Nore. Boruttau' has recently published observations concerning the 
effect of CO, upon the negative variation and A and X currents, which are 
in the main confirmatory of mine. He is obviously impressed, as I was, with 
the remarkable certainty and distinctness with which OO, produces its 
effects. Probably by reason of the larger nerve-chamber (and perhaps 
stronger tetanising and weaker polarising currents?) employed by him, 
he has detected certain points which have not come under my observation, 
one especially bearing upon the subject-matter of the present communication 
to the effect that in the early stage of action of what I should term “little” 
CO,, there is an augmentation of the negative variation synchronous with a 
diminution of A, of K and of A/X. Up till now I have not observed this, 
nor have I yet found time to make new trial of the point. At present I do 
not venture to say more than that the curves expressing the course of modiſi- 
cation by reagents differ in the three cases. Thus e. 9. the A effect being 
more sensitive than the X effect there is a moment at which A is augmented 
and X hardly yet affected, a later moment at which A is diminished and XK 
augmented, and a latest moment in which X also is diminished. According 
to my observations the negative variation is more sensitive to reagents than 
either the A or the X current. With chloroform ¢.g. I have rarely failed to 
witness diminution of the negative variation synchronous with augmentation 
of A and of K. 


The Influence of Peptone and Albumoses on the Function 
of the Kidney. By W. H. Tnoursox. 


(Preliminary communication.) 


Witte's peptone and Grosjean’s peptone in doses of 0°1 grm. per kilo 
dissolved in 50 c.c. normal saline were slowly injected into the jugular 
vein of dogs. Urine was collected from cannulee placed in the ureters 


for definite periods before and after the injection. A mixture of ether 
and chloroform was used as the anzsthetic. 


Phliiger’s Archiv. Oct, 1897. 
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Results obtained : 

(1) Marked increase in the quantity of urine. 

(2) A corresponding diminution in the specific gravity and per- 
centage of solids of this fluid. 

(3) An increase in the total quantity of urea and nitrogen. 

(4) An excretion of part of the albumoses and peptone injected. 

(5) The amount of nitrogen retained was not sufficient to supply 
enough for the increased output of nitrogenous substances. 


The investigation is in progress. 


Experiments on Artificial Temporary Colour Blindness. 
By Groree J. Burcu, M.A. 


By exposing the eye to monochromatic light of great intensity it is 
possible to fatigue one or more of the colour sensations to such an 
extent as to induce a condition closely resembling colour-blindness. 
During the continuance of this state the same mistakes are made in 
matching Holmgren’s wools as by a colour-blind person. 

For mere purposes of demonstration it is sufficient to focus the sun’s 
rays through a suitably coloured glass on to the pupil of the eye until 
the effect is produced, but for the systematic investigation of the 
phenomenon it is necessary to employ a train of prisms. 

I generally use a large spectroscope in which only about a tenth of 
the spectrum is visible at one time, opening the slit very wide, and 
after dazzling one eye with the practically monochromatic light observe 
the appearance of a spectrum of ordinary intensity. 

The following four colours, viz. red from A to B; green from near 
E; blue about halfway between F and G; and violet between H and K, 
produce well-defined characteristic results, while the effects of light from 
other portions of the spectrum are of a more or less intermediate nature. 
In each case all direct sensation of the colour used for fatiguing the eye 
is completely lost, but the positive after effect remains as a luminous 
fog, by which the hue of all other colours is affected, if they are 
relatively faint, but which is unnoticed if they are bright. This effect 
is strongest in the violet, and weakest in the red. 

I have attempted to represent the principal results in coloured 
diagrams but find it impossible to match the exact hues. 

After light from A to B all sensation of red vanishes. The spectrum 
begins between C and D with pure green. The blue and violet are 
unchanged in extent, but look a trifle warmer in tone. 


| 
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After light from D all sensation of both red and green vanishes, the 
spectrum beginning with blue just beyond the b lines. The violet looks 
very brilliant and extends quite as far as usual. 

After light from E all sensation of green vanishes, and the red meets 
the blue and overlaps it between h and F. There is a strong subjective 
green glare which, if the slit is nearly closed, makes the red look orange 
and the violet dull and dirty, but on opening the slit the red resumes 
its natural colour. 

After light from about half-way between F and G all sensation of 
blue vanishes, the violet meeting the green and overlapping it at about 
the same part of the spectrum. There is a strong subjective blue glare 
making the red look slightly crimson with a narrow slit. The violet 
extends as far as usual but is more ultramarine in tone. 

After light from between H and K all sensation of violet vanishes, 
the spectrum ending with a pure blue of great brilliancy about midway 
between G and H. The green and red have their usual limits, but with 
a narrow slit the red appears bright purple and the green almost white. 

During the condition of blindness to any one colour it is possible to 
blind the eye to any of the remaining colour sensations. Thus after 
light from A to B combined with light from G to K, only the green 
sensation is left, the spectrum extending strongly from D to F, and 
more faintly to C in the one direction and nearly to G in the other. 

Similarly after light from G to K followed by light from E, only the 
red sensation is left. It extends from A to a little beyond b. 

These observations indicate that in my own case, as also in about 70 
persons whom I have examined by a modification of this method, there 
are four primary colour sensations, viz. red, green, blue, and violet. I 
have not found any trace of a separate sensation of yellow. If it exists 
it would constitute a fifth colour sensation. 


* 
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The action of Distilled Water on Tubifex. By SypNrEY 
Ringer, M.D., F. R. S. 


Soon after Mr Locke published his important communication“, 
showing the poisonous and disintegrating action of heavy metals such 
as copper, even in infinitesimal quantities on tubifex and tadpoles, I 
repeated many of his experiments and entirely confirm his results. 

I now publish a few more observations bearing on this subject and 
which also confirm his conclusions. I evaporated in large quantities 
distilled water similar to that I had previcusly used and obtained from 
the Chemical Laboratory of University College. The products of the 
first evaporation were rejected and the retort washed out. Thirty litres 
were then evaporated and the distillate used in the experiments. The 
fluid residue in the retort had an abundant whitish deposit and a strong 
alkaline reaction. Tested, it gave undoubted reactions of copper. 

After testing the effect of the distilled water on tubifex, I then 
tried the action of the residue in the retort. Tubifex placed in this 
fluid quickly disintegrated, but when this fluid stood exposed to the air 
for several days, till the alkalinity was only slight or lost then tubifex 
lived as well as in tap water. I only record this experiment without 
giving any explanation beyond surmizing that by the exposure the 
copper was precipitated and so became innocuous. 


1 Journ. Physiol. xvut. p. 819. 1895, 
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For the further elucidation of this question, I collected rain water 
in earthen glazed and glass vessels. I first collected the rain water on 
the roof of University College. This water gave a strong acid reaction 
and quickly disintegrated tubifex but on adding a very small quantity 
of sodium bicarbonate so as to neutralize the avidity, the water well 
sustained the integrity and life of tubifex. I next collected rain 
water in a field adjoining an extensive Moor in Yorkshire far away from 
any houses. This water was not quite clear. No doubt it was mixed 
with atmospheric dust. It was neutral in reaction and free from any 
calcium salt. It sustained the life of tubifex as well as tap water. To 
some of this rain water a few small pieces of copper filing were added, 
and the water was shaken several times a day for four days and then 
the water was poured off the copper filings. Tubifex placed in this 
water were disintegrated in six hours. I next tested with this rain 
water from the Moors the antagonism between potassium chloride and 
calcium chloride. 

I placed tubifex in a 1% solution of potassium chloride, in about 
four hours they were almost motionless and with the microscope I was 
unable to see the vessels contract; they appeared quite paralysed 
except just below the head of the animals. I then placed the tubifex 
in a %% KCl and 1% CaCl? and almost at once spontaneous movement 
increased, and in five minutes they became quite active. Seven hours 
later they were moving energetically, before movement was so much 
restored the microscope showed that the vessels even to the tail were 
contracting vigorously. 

I next used 25% solutions of KCl and CaCl? repeating the above 
experiment and with similar results. 

These experiments appear to me to establish Locke’s conclusion 
that copper in even infinitesimal quantities will disintegrate tubifex 
whilst water free from copper or other heavy metals and without any 
salts such as calcium salts can sustain the life of tubifex. | | 


Tue Action of Morphia, Ammonia and Hydrocyanic Acid 
upon the volume of the Heart as reoorded by a Cardiometer. 
By Harotp BARNARD. 


Method. The thorax of a respiration. 
had been established. The heart was placed inside a plethysmograph 
formed of a thick rubber tennis ball. A hole admitted the heart and 


1 All experiments were carried out under uniform chloroform anzsthesia. 


* 


xvi PROCEEDINGS OF THE PHYSIOLOGICAL 


a glass tube opposite the hole connected the chamber with a recording 
tambour. Leakage was prevented by drawing the flaps of divided peri- 
cardium tightly round the ball (after having smeared the pericardium 
and the ball with thick vaseline) and tying them by ligatures to the 
glass tube. Air filled the whole apparatus. The drugs were injected 
into the jugular vein or administered with the artificial respiration. 

In this note the terms “tone,” “systolic output,” and “to systolise 
the heart are used thus: Tone is measured inversely as the size of the . 
cavities in diastole. Systolic output is the diminution in capacity of 
the heart during each systole. To systolise the heart is to increase its 
systolic output. 


Morphia. 


Exp. I. Morphia gr. 3 injected into the jugular of a cat. The result 
recorded was: (1) brief dilatation due to bulk of injection, (2) contraction 
with diminished systolic output, (3) gradual dilatation, systolic output 
small, (4) gradual increase of systolic output until the heart nearly 
emptied itself at each beat, while in diastole it widely dilated. At this 
point, when great expansion alternated with powerful systole, 8 minims 
of pure chloroform were injected into the jugular. The heart stopped 
beating in diastole. It was however little further relaxed than by the 
morphia. | 

Eap. 2. Irregular action in rate of beat and systolic output due 
to antestbesia passing off. Morphia gr. 4 given. Result. —In a few 
minutes the beat was regular and powerful. 

Exp. 3. Two similar cats, one given morphia gr. 4 hypodermically. 
Cardiometer tracing taken of both. Chloroform 14 m. injected into 
jugular of both. Result—(1) sudden and great dilatation in non- 
morphinised heart, (2) very slight dilatation in the morphinised heart. 
Three minims were required to produce dilatation in the morphinised 
cat. 

Conclusions. In the cat, (1) morphia dilates the heart, (2) increases 
the systolic output, (3) makes the heart regular in rate and power, 
(4) protects from chloroform syncope, (5) it is a powerful heart 
stimulant. Historically it was displaced by digitalis as a cardiac drug, 
but clinical experience still demonstrates its utility in shock and cardiac 
disease. 


| 
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Ammonia. 


Eap. 1. Liq. Ammon. Fort. m. 3 injected into jugular. Result.— 
Systole somewhat increased. As the heart did not dilate it could not 
do more than empty itself. 

Kap. 2. Heart dilated by a medium dose of chloroform: then 
Liq. Ammon. Fort. m. 3 administered. Result—{1) contraction of 
the heart and diminished systole, (2) dilatation with systole still 
diminished, (3) gradually increasing systolic output until the heart 
emptied at each systole, (4) in the last stage the heart was slowed. 
The effect of ammonia after chloroform dilatation is very like that of 
morphia. | 

Exp. 3. Liq. Ammon. Fort. m. 10 injected into jugular. Result.— 
Heart thrown into spasm. A small hard ball of muscle dimpled on the 
surface. The whorled arrangement of fibres became distinctly visible. 
The apex was drawn into a funnel shape by fibres running up the 
septum. When a heart is killed by ammonia the last part to cease 
pulsating is the apex. When a heart is killed by chloroform it is the 
auricles which cease last. 

Conclusions. In the cat, (I) ammonia contracts the heart, (2) ammonia 
increases systolic output when the heart is dilated, (3) ammonia is a 
good antidote to chloroform syncope, it contracts the heart and stimulates 
the beat. 


Hydrocyanic Acid. 

Ep. I. Acid Hydrocyan. dil. (freshly made) m. 4 injected into the 
jugular. Result.—(1) dilatation slight and transient due to the injection, 
(2) contraction and diminished output, (3) great dilatation and after 
such a small dose increased output, (4) Traube-Hering curves may 
appear, (a) heart dilates steadily and the frequency becomes less until 
often one or two beats are dropped, (6) suddenly the rate greatly in- 
creases and the heart rapidly empties and so on for several curves. 

Exp. 2. Acid Hydrocyan. dil. m. 2—3 injected into the jugular 
killed cats in several cases. For some minutes before death the heart 
rate greatly diminished : often only a single beat was provoked by each 
artificial respiration. 

Eap. 3. Two artificial respirations driven over acid Hydrocyan. 
dil. into lungs of cat. Result—Heart at once dilated and stopped. 
Asphyxial convulsions. Heart opened, blood found black and as- 
phyxial—became oxygenated on exposure. 
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Exp. 4. Deep sniff taken at hydrocyanic bottle. Result.—Instant 


faintness and nausea. Syncope just avoided. 

Conclusions: 1. Hydrocyanic acid is a most powerful cardiac poison- 
One minim of the dilute acid (fresh) injected intravenously killed the 
heart of a cat in several experiments. 

2. Large and sudden doses administered by inhalation reach the 
cardiac muscle before any other tissue of the body and instantly 
paralyse it. The circulation stops, the animal asphyxiates, and the 
blood is therefore black. 

3. Small doses powerfully systolise as well as dilate. If a heart be 
in acute chloroform dilatation it can thus be roused. It is very easy to 
overstep the limit of a safe dose and rouse the heart only to kill it 
a moment later. ; : 


General Considerations. 


1. The tone of the heart appears to be a separate function 
separately controlled from its power to systolise. For morphia relaxes 
the heart but systolises it. Ammonia contracts the heart and systolises 
it. Hydrocyanic dilates the heart and in small doses systolises it. 

2. If the systolic output is to be increased the tone of the heart 
must be diminished. For ammonia to a normally contracted heart 
does not greatly increase its systole, but after chloroform relaxation 
it does so very greatly. If the power of systole is more than enough to 
empty the heart pure relaxation will lead to increased systolic output. 

3. The heart seldom completely empties itself. If the resistance 
be increased it dilates at once. 

4. The heart-beat often depends in some way on the respiration. 
There are one or perhaps two or three beats for each respiration and 
then a pause. Intravenous injection of morphia and some other drugs 
will remove this periodicity and make the beats nearly uniform. 

5. In taking cardiometric tracings the zero line of the cardiac 
cavities may be obtained by injecting 10 minims of Liq. Ammon. fort. 
into the jugular. The top line of wide dilatation by a similar dose of 
chloroform. 

6. Death by the inhalation of hydrocyanic acid brings out an im- 
portant point. During inspiration a mass of blood partially stagnates in 
the lungs and is charged to a high percentage with the volatile poison. 
Expiration drives it into the left heart, and before it has time to mix 
with a mass of blood or diffuse, it reaches the first branches of the 
aorta, the coronaries, and if strong enough will paralyse the heart. 
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Asphyxial convulsions follow. The same may occur with chloroform 
vapour. When administered by the stomach, subcutaneously, or even 
intravenously more time is allowed for mixture and diffusion and the 
percentage of poison in the blood supplied to the coronaries is therefore 
less and the risk of cardiac failure is correspondingly diminished. 
Moreover in these cases the volatile poisons would partially escape as 
they passed through the lungs. 


Influence of the Force of Gravity on the Circulation of 
Man. By Leonarp HIL, H. BARNARD and A. B. Sourav. 


By means of the Hill and Barnard sphygmometer we have made a 
series of determinations of arterial pressure. The observations have 
been carried out on healthy men; the men have been placed in varying 
postures. The sphygmometer consists of (1) an armlet, (2) a pressure 
gauge, (3) a force-pump, provided with a valve. The armlet consists of 
a broad leather band, provided with a strap and buckle. On the inside 
of the leather band there is fastened a thin-walled flaccid rubber bag. 
This, when the armlet is buckled round the upper arm, lies in close 
apposition with the skin. The rubber bag, the pump and the pressure 
gauge are by means of a Y-tube placed in connection. The pressure is 
raised in the rubber bag by means of the pump until the index of the 
pressure gauge gives its maximal pulsation. This occurs when the 
mean pressure within and without the brachial artery is the same. At 
the point where maximal pulsation occurs the pressure is read, and this 
reading indicates the mean arterial pressure. For example, if the 
pulsation be maximal between 116 and 120 mm. Hg., the mean arterial 
pressure is taken to be equal to 118 mm. Hg. The errors of reading are 
never greater than 5 mm. Hg. and generally are much less. 

The sphygmometer has in the following way been proved to give 
correct readings. 

The armlet is strapped round the neck of a dog and the pressure in 
the carotid arteries obtained by means of the sphygmometer. At the 
same time the pressure in the femoral artery is measured by means of 
a mercurial manometer in the ordinary way. When the animal is in 
the horizontal posture the two instruments are found to indicate the 
same pressure. 

We have determined that in healthy men, 

(i) The arterial pressure is the same in all the large arteries while 
the subject lies horizontally. 

(ii) On changing from the horizontal to the vertical position the 
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pressure in the upper part of the brachial artery, and it may be 
assumed also in the carotid artery, either remains constant or becomes 
slightly elevated. 

(iii) On changing from the horizontal to the sitting posture the 
pressure in the arteries of the lower limbs becomes higher than that 
in the upper limbs by the height of a hydrostatic column of blood 
separating the two points of observation. If the body remain horizontal 
and the legs be elevated the converse result holds true. 

(iv) The pressure in the brachial artery is, in the change from the 
horizontal to the vertical position, maintained constant without note- 
worthy acceleration of the heart so long as the subject is vigorous 
and unfatigued; with noteworthy acceleration when the subject is 
exhausted. 

Thus the difference of heart-rate in morning and evening readings 
is usually well marked. For example, in one subject with the position 
horizontal the pressure taken at 10 a.m. is usually 110—115 mm. Hg. 
and the pulse rate 62, while when taken at the same time in the sitting 
posture the pressure is 120 mm. Hg. and the pulse rate 64. On the 
other hand, after a day of great mental and bodily activity the 
pressure when taken at 10 p.m. in the sitting posture was 125 mm. Hg. 
and the pulse rate 96, while in the horizontal posture the pressure 
dropped to 105 mm. Hg. and the pulse rate to 80. 

In the case of a patient who became giddy upon sitting up for the 
first time after her confinement the change of pulse rate was far more 
marked. In this case the arterial pressure was maintained in the 
carotids at 90 mm. Hg. by a pulse rate of 123, the frequency falling 
to 88 in the horizontal position. 

When a man is in vigorous condition the effect of gravity is 
compensated for by the vaso-motor mechanism and not by the heart. 
When he is fatigued or under neurasthenic conditions compensation is 
brought about rather by a great increase in heart-rate. If in these 
conditions the heart should in diastole fail to fill or in systole fail to 
maintain the carotid pressure the circulation through the brain ceases 
and syncope results. Thus, in a patient suffering from shock we have 
observed when he was raised into the vertical position that the sphyg- 
mometer ceased to give any sign of pulsation: at the same time the 
patient fainted: on being placed again in the horizontal posture the 
swoon passed off and the pulsation was first indicated between 70 


and 80 mm. Hg. After a short period the arterial pressure rose to 
100 mm. Hg. 
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On studying in man the venous circulation in the limbs it is easy 
to observe that, whilst the limb is maintained in a dependent and 
immobile posture, the veins slowly distend and the tension within them 
is revealed by the finger to be rising very considerably. Normally, 
during the constant activity of limb and muscle, the veins at no time 
exhibit such tension, and feel perfectly soft even when the limb is 
dependent. From these observations we may infer that it is by the 
constant compressive action of the skeletal muscles and the changes 
of limb-posture that the blood is returned from the veins in the 
extremities. 

If the limb be kept dependent and motionless the blood under the 
influence of gravity congests in the capillaries and veins until the 
pressure rises to the height of the hydrostatic column of blood which 
separates the vessels of the limb under observation from the great veins 
of the abdomen or thorax, whence the blood is forced or aspirated into 
the heart by the action of the respiratory pump. The distension of 
the veins under the influence of gravity varies greatly in different 
individuals, and in the same individual in different conditions. The 
veins are supported on the one side by the deep tissues, on the other 
side by the skin. Loss of tone in the muscles and the skin must 
enhance the distensibility of the veins. The greater the distensibility 
of the veins the more must the blood congest in the dependent parts, 
and the less must it circulate elsewhere in the body, that is to say, so 
long as in these conditions the effect of gravity is not compensated for 
by an increase in the blood quantum. 

When the pressure exerted on the arm by the sphygmometer is 
equal to the mean arterial pressure, the veins of the fore-arm distend 
until the tension within them appears to the finger to be equal to the 
arterial pressure. During forced expiratory effort, as in severe muscular — 
efforts, the glottis being closed, the venous exits into the thorax are 
blocked. Thus if the effort be maintained long enough the pressure 
_ rises in the capillaries and veins to or almost to the mean arterial 
tension. It follows that during active life the capillaries of the brain 
and elsewhere must be frequently exposed to almost the full arterial 
pressure. 

We append a table of typical measurements obtained from five 
individuals. The results agree exactly with those previously obtained 
by one of us (Leonard Hill) from measurements of the carotid and 
femoral pressures in animals, 
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A Modification of Oliver’s Hemoglobinometer. By ERNEst 
SolLLx. 


The apparatus consists of a small metal box, with a casing of 
wood or other bad conductor of heat, which is so arranged as to act 
when closed as a portable dark chamber. At a fixed point in the box 
is a stand for holding a small candle or other illuminant, and at another 
point an arrangement is made for holding the cell containing the blood 
to be examined. 

Apertures also exist in the side of the box through which the 
standard colours (with which the hemoglobin value of the blood is 
to be compared) can be passed in review alongside the blood cell, both 
blood cell and standard colour receiving exactly the same amount of 
light. 

When the box is closed, and the eye of the observer brought to the 
inspection-aperture in the top of the box, no extraneous light can get 
in, and the glass colour standard and the blood cell, both equally 
illuminated, are alone visible to the observer. It is claimed that in 


this way accurate heamoglobinometry is possible in one or two minutes, 


whether in the consulting room, at the bedside, in a hospital ward or a 
laboratory, without the necessity of seeking a dark room, as is the case 
with Dr Oliver's apparatus. 

The above apparatus can be used with Dr Oliver’s hemoglobino- 
meter exactly as supplied by the Tintometer Company (of whose patent 
the system is an adaptation); and the object of the author was to make 
as much use as possible of all the careful work done in bringing out 
that apparatus. 

In his own practical work, however, he has found it convenient to 
make some modification in the method of diluting the blood for 
examination, one main point being to secure an exact one per cent. 
dilution in a separate graduated mixing cell, i.e. distinct from the cell 
in which the diluted blood is placed for examination. 

In Dr Oliver's apparatus the ratio of dilution is 4°7 cm. in 580 cm. 
A uniform 1% dilution has certain obvious advantages. 

And though the use of a 1% dilution for comparison with 
Dr Oliver's standards (calculated upon his 47: 580 ratio) would 
necessarily give higher readings, the author's opinion as the result of 
his observation is that Dr Oliver has fixed his standard too low. 

Seeing that the absolute ‘normal’ amount of hemoglobin is 
necessarily merely an ‘average, and not exactly ascertainable, the 
author's opinion is that a record of the variations from time to time 
in the history of any individual is more valuable than a — of 
these varying amounts with a hypothetical ‘ normal.’ 
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On absorption from the peritoneal Cavity. By Ernest H. 
STARLING. 


In 1893 A. H. Tubby and I published the results of some 
experiments on the absorption of coloured fluids from the pleural 
and peritoneal cavities. We concluded from these experiments that 
colouring matters in solution placed in serous cavities are absorbed 
directly and rapidly by the blood-vessels. The colouration of the lymph 
from the thoracic duct, observable some time after the injection of 
the coloured fluid, and after the urine had become deeply tinged, 
was so slight that we thought it might be quite independent of 
lymphatic absorption, and due merely to the colouration of the blood- 
plasma. : 

These results have been traversed lately in a paper by Dr Meltzer. 
I have thought it well therefore to perform some further experiments 
on the absorption of indigo carmine from the peritoneum, with a 
view to discover some fallacy in our earlier experiments. This I have 
failed to do. The four further experiments I have performed confirm 
in every particular the conclusions drawn in the earlier paper by 
Tubby and myself. 


In these experiments I have adopted Dr Meltzer’s method of 


collecting the urine by introducing a catheter through an opening into 


the urethra at the root of the penis. Care was also taken to avoid 
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any escape of the injected fluid into the abdominal wall; and the 
absence of any such escape was proved by careful post mortem exami- 
nation of the site of injection—the middle line about one inch below 
the end of the sternum. In all the experiments, the urine appeared 
blue before any trace of colour was to be perceived in the lymph- 
serum, even after the addition of oxidising agents. The urine soon 
became dark blue; whereas the lymph was never more than faintly 
tinged, and samples of blood-serum obtained at the same time were 
nearly the same tint as the lymph. Accurate comparison of lymph and 
blood-serum was however hindered by the natural yellow tint of the 
latter, which turned the blue to a dirty greenish colour. 

I will now give the details of one such experiment. 


Jan. 6th, 1898. Dog 6 kilos. Morphia and A. C. x. Cannula in thoracic 
duct. Cannula in fem. art. for bleeding. Catheter introduced into bladder 
through opening in urethra at root of penis. 


Time Urine Lymph Remarks 
11.20—30 1˙3 0.0. 20c.c. Lymph opalescent. No trace of 
blood. 
30—40 2˙7 c. o. 27 c.c. Blood sample at 11.45. 
40—50 2˙0 c.c. 2°6 c.c. 
50—60 2:0 c.c. 24 At 11.56 introduced 10 c.c. of 
saturated sol. of indigo carmine 
in 1% NaCl sol. into peritoneal 
cavity. 
12.0—12.10 2ec. Blue 2 c. c No colour. The first drop of blue 
urine appeared at 12.5. Blood 
: (2) at 12.10. 
10—20 1-6 b. 0. dark blue 2c.c. Slight bluish tint in lymph from 
15’ to 20°. 
20—30 lac. „ „ x%|Ldce. Faintly blue. Blood (3) at 12.20. 
30—40 l3cc. „ „ 18 a. ee „ Blood (4) at 12.30. 


1.40—50 15 o.. dark blue 3˙5 c Blue. Blood (5) at 1.35. 


Animal restless ; respiratory movements more forcible. 


The blood samples after clotting were centrifuged. The serum of all the 
samples from B(2) to B(5) were tinged with blue, the tint gradually 
deepening. The corresponding lymph specimens were apparently somewhat 
deeper in colour, but the tints were not easily comparable. 

Thus the colour appeared in the urine 9 mins., in the sh 4 19 mins. 
after the injection. 
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It is unfortunate that the difference between Dr Meltzer and 
myself affects the actual facts of experiment. The experiments how- 
ever are so extremely simple, that anyone who is interested in the 
point can test it experimentally at a very slight expense of time and 
trouble. There is only one caution I would mention. In estimating 
the urinary flow by a cannula inserted in the bladder it is necessary 
to empty the bladder at regular intervals of 2 or 3 minutes by 
pressure on the abdominal wall. If this caution be not observed 
the urine is apt to accumulate in the bladder and only the overflow 
appear through the cannula. In this way a delay would ensue between 
the secretion of the dye-stuff and its appearance in the collecting 
vessel, If cannulae be tied in both ureters, the blue colour may 
appear in the urine 6 minutes after its injection into the peritoneal 
cavity. 


Arterial pressure in man while sleeping, resting, working, 
bathing. By LEONARD HILL. 


The following observations have been taken with the Hill-Barnard 
sphygmometer. The results are tabulated as types of a large number 
of records. 


Rest and Sleep. 


Time Condition Arterial Pressure frequency 
I. 11.45 am. Sitting quietly engaged in 103—105 mm.Hg. 64 
mental work. 


8.45 p.m. Sitting after dinner over- 103 1 64 
come with sleepiness. 
II. 7.30am. Awake. Horizontal, in 100—105 
bed. Engaged in mental 


work. 

9.15 p.m. Horisontal. Awake, in 105—108 „ 
bed. 

| Rae Profoundly asleep. 103—105 „ 


These results show that a fall of arterial pressure is concomitant 
with bodily rest and quiet mental work, just as much as with sleep. 
To the fall of arterial pressure the causation of sleep cannot be justly 
ascribed. From my experiments on cerebral anwmia I have already 
shown that the arterial blood supply to the brain must be lessened 
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to a very striking extent, far more than is the case during sleep, before 
definite cerebral symptoms are obtained. The determination of blood 
to the arm observed by Mosso and Howell during sleep is I believe 
to be explained by the assumption of the horizontal posture, the 
cessation of muscular movement and the quietude of the limbs. The 
venous blood is not pumped back to the heart as it is during the 
waking state by the compressive action of the muscles, and the constant 
changes in the position of the limbs. 


The effect of rising from bed. 


Sitting after 
Horizontal in bed Sitting out of bed moving about 
1. 103—105mm.Hg. 110—115 mm. Hg. 118—120 mm. Hg. 
2. 100106 „ 120 
„ 
105108 „ 125 


In this table is shown the effect of rising from bed in the morning, 
and moving about. The pressure rises 10—20 mm. Hg., as is constantly 
the case on bodily activity. If the resting position be once more assumed 
the pressure soon falls back again to its old level. 


The effect of severe muscular exertion. 


Time Artificial Pressure frequency Condition 

10.30 a.m. 98 mm. Hg. 64 Sitting. Resting. Quiet mental 
work 

11.10 „ 120—130 _ „ 100 Sitting after running 400 yds. as 

rapidly as possible. Panting. 

11.20 „ 110—118 „ 100 Sitting resting. 

11.30 „ 100—103 „ 96 — 

12.30 „ 90—95 5 80 


These figures demonstrate the rise of pressure produced by muscular 
labour. By their means it is also made evident that aſter such exertion 
the pressure falls to normal far more rapidly than the pulse- frequency. 


The arterial pressure becomes depressed below the normal resting 
pressure after severe muscular work. 
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The effect of mental excitement. 


Time Condition 
llam. Working at the laboratory ; 
excited ; teaching etc. 
1 Working at home 
5-6 p.m. Just home from day’s work; 


after tea. 


9 Resting at home. Holidays; 


after tea. 
8-9 p.m. Resting 


9 ing an exciting book at 


a great rate. 


The effect of posture. 


Condition 
I. Fresh in the morning. 


Fatigued in the evening. 


II. Greatly fatigued, tendency 
to feel faint on standing. 
Morning after dancing till 
5.30 a.m. Three hours’ 
sleep. 

Next morning after nine 
hours’ sleep. Rested. 


The pressure in the standing posture is constantly higher in the 
morning. This occurs without noteworthy acceleration of the pulse, 
and thus is occasioned by the activity of the vaso-motor mechanism. 
This over-compensates for the influence of gravity. In the evening, if 
the body be fatigued, the conditions are reversed. Not only is the 
pressure generally the same in the two postures, but in the standing 
posture the pressure is maintained by a considerable acceleration of the 


heart. 


As far as my experience goes it is only during very excessive fatigue, 
that the pressure becomes lower in healthy individuals in the standing 


posture. 


Posture 
Sitting 


Average pressure 
120—130 mm. Hg. 
105—110 
130—140 
105—108 

Pulse 
Pressure frequency 

105—110 62 
120 64 
105—110 72 
105—110 84 
105 66 

95 96 

96 54 

105 84 


| 
Position 
Horisontal 
Standing 
Horizontal 
Standing 
Horizontal 
Standing 
Horizontal 
Standing 
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It is noteworthy that the individual who reduced his arterial pressure 
in the standing posture by spending one night in dancing, failed to do 
so after he had become trained by attending a series of dances. 


The effect of baths. 


The arterial pressure may be raised 20 mm. Hg. by plunging into a 
cold bath. It is remarkable that if the subject sit perfectly quiet in 
the bath, the pressure returns to that level which is normal for the 
resting position. This happens in spite of the fact that the subject 
may be shivering with cold. Since the pulse frequency scarcely varies, 
compensation for the constriction of the vessels of the skin must be 
brought about by dilatation of the visceral vessels. Similarly in a hot 
bath the pressure falls scarcely below that level which is normal to the 
resting horizontal position. On rising from a hot bath the pressure 
rapidly reaches that height which is normal to the standing posture. 
Thus although the skin is flushed with blood after the hot bath, perfect 
compensation for the influence of gravity is brought about by visceral 
constriction and cardiac acceleration. 

The influence of meals on the arterial pressure seems to be very slight. 

Tea raises the pressure, a moderate dose of alcohol may slightly 
lower it. 

I am indebted to Mr Harold Barnard and Mr W. B. Soltau who 
have contributed several times to my stock of observations. 


The oxygen tension of the arterial blood in various Patho- 
logical conditions. By J. LoRRAIN SMITH. 


Since the oxygen tension of the arterial blood is subject to variations 
due to physiological and functional conditions’, it is of interest to inquire 
into various pathological conditions affecting the lungs directly or in- 
directly in relation to the process of active absorption of oxygen. 
Pathological changes in the lungs occur in diseases of the most varied 
type. The conditions investigated in the present research were: 
(1) Those associated with the ordinary process of fever, and included 
rise of body temperature and the process of infection by bacillus 
pyocyaneus. These in isolation or together caused in mice a fall in 
oxygen tension in the arterial blood to a value which approximated to 


1 Journal of Physiology, xxu. p. 231. 
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that of alveolar air. (2) Local conditions in which the lung was in- 
flamed by an exposure of the animal to an atmosphere containing 
oxygen at a high tension. A fall in oxygen tension was obtained here 
and it varied in amount with the duration of the exposure. The tension 
of oxygen in the air breathed was usually in these experiments 180°/, 
of an atmosphere. An exposure to oxygen at this tension for 24 hours 
is fatal to mice, rats, birds, etc. 

A subject of interest which arises out of this investigation is the 
relation of the effect on the lungs to the toxic effect discovered by Paul 
Bert, which consisted in convulsions ete. Bert used tensions of at least 
300 % of an atmosphere. This experiment I repeated on two birds and 
obtained the effect after 10 minutes exppsure to oxygen at a tension of 
300 % of an atmosphere. On the other hand if birds with damaged 
lungs were exposed to this the convulsions did not occur. Further, mice 
do not take convulsions in air with oxygen at a tension of 350°/, of an 
atmosphere. The arterial oxygen tension of normal mice is 23 °/, of an 
atmosphere and of small birds about 40°/,. The tension of oxygen at 
which convulsions occur is probably determined by the power which the 
lungs of the animal possess of absorbing oxygen actively from the 
atmosphere to which it is exposed. Mice and birds with damaged lungs 
subsist without convulsions in oxygen at a tension higher than that in 
which normal birds can subsist. 
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The Causation of Muscle Sounds. By F. J. ALLEN. 


The author uses a form of stethoscope in which the sound vibrations 
are received on a tympanum of caoutchouc membrane. This enables 
very delicate vibrations to be heard; and, by its use, it can be shown 
that the sound produced by a muscle depends on the suddenness of its 
contraction. 

Thus, muscles which contract slowly produce no perceptible sound : 
6. g., the heart- muscle of cold-blooded animals. Other muscles produce 
sounds whose intensity varies with the rapidity of contraction in the 
following ascending scale: 

(1) Warm-blooded heart muscle. 

(2) Cold-blooded skeletal muscle. 

(3) .Warm-blooded skeletal muscle. 

In reality, the muscle does not produce the sound qué muscle: it 
only sets in motion any resonant body with which it communicates, 
such as the stethoscope, or the tympanum of the ear. 

This subject has a bearing on the causation of the first heart sound, 
which, though it originates in the impulse given by the heart muscle, 
is not merely a muscle sound, but the sound of all the resonant bodies 
set in motion by the heart muscle. 

The matter is brought before the meeting because of Sir Richard 
Quain’s recent resuscitation of the old theory, that the first heart 
sound is produced by the impact of the ventricular against the arterial 
blood; a theory which, though not intrinsically wrong, is inadequate 
when so many other resonant bodies are concerned. * 


0 


‘ 
1 
4 
7 
4 
A 


ä—gZ;—2— — 


Xxxii PROCEEDINGS OF THE PHYSIOLOGICAL 


Electrometer records of the response of Nerve to a single 
stimulus. By F. Gotcn and G. J. Bunch. 


The records, examples of which are now shown, were obtained by 
photographing the image of an extremely sensitive capillary electro- 
meter, this being highly magnified by means of a 3 mm. lens (Leitz) 
and projected 125 centimetres on to a photographic plate moving about 
1 metre in 2 seconds. 

The sciatic nerve of the cooled frog was used and the preparation 
was placed in a chamber which was kept at temperatures of from 3° C 
to 6°C. 

In every case the central end of the excised nerve was excited by a 
single stimulus, the seat of excitation being placed 25 to 35 millimetres 
on the central side of the nearest of the electrometer contacts. The 
electrometer contacts were placed upon the knee end of the nerve, and, 
when it was desired to place the nerve in the state of electrotonus, 
a second pair of non-polarisable electrodes was placed so that the 
polarising contacts should be 5 mms. central to these. 

(1) Fresh nerve; capillary contacts on surface and fresh cross- 
section. A single stimulus causes a movement in the meniscus of the 
mercury opposite in direction to that produced by the resting difference. 
The movement of the image was visible to the eye, and its record 
shows a sudden displacement which does not return quickly but is 
followed by a prolonged tail (after effect) of similar sign. The follow- 
ing facts show that the movement is not due to escape but is the 
expression of the excitatory changes in the nerve; it is obtained by 
both mechanical and electrical excitation; in the latter case it is of 
the same character and direction whatever the direction of the break 
induced current used for excitation; if an electrical escape from the 
exciting circuit occurs, this is shown on the record as an abrupt spike 
or notch preceding by a distinct interval the pronounced excursion due 
to the true nerve response; the escape, if present, is unaffected by 
changes in the physiological condition of the nerve which are known to 
profoundly modify nerve excitability and which alter the character of 
the pronounced excursion. 

(2) Fresh nerve, both electrometer contacts wpon the wninjured 
surface. For these experiments the nerve was dissected out but not 
divided at the knee end. There was no obvious resting difference, and 
no displacement of the image of the meniscus was visible in response 
to a single excitation. Each record however shows a distinct spike 
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indicating a diphasic change, the two components of which follow each 
other in rapid succession. 

(3) acised nerve kept from 18 to 90 hours in tapwater saline. 
When the electrometer contacts are placed upon the surface and origi- 
nal cross-section respectively there is no obvious resting difference. The 
response to a single excitation is rarely visible to the eye, but the record 
shows a considerable spike the two limbs of which are more prolonged 
and more widely separated than in the case of the fresh uninjured 
nerve. The record is such as would be produced by a diphasic effect, 
the components of which follow one another more slowly than in the 
previous case (2). 

If a new cross-section is made a marked resting difference is 
observed and the meniscus movement in response to a single excitation 
is now plainly visible; the record now shows a sudden initial displace- 
ment followed by a prolonged tail as in (1). 

(4) Nerve during anelectrotonus. 

(a) Fresh nerve as in (1), contacts surface and cross-section. 
A single stimulus is followed by a marked displacement of the meniscus 
visible to the eye; the record shows an augmented initial rise and a 
great increase in the amount and duration of the prolonged tail or 
after effect. 

(6) Uninjured nerve as in (2). The effect evoked by a single 
stimulus is a visible displacement of the meniscus. The record shows 
that the spike described in (2) no longer exists but is replaced by an 
initial rise and prolonged tail resembling that obtained when the 
contacts are upon the surface and cross-section. 

(c) Nerve kept in saline as in (3). The movement of the 
meniscus is quite visible to the eye; the record shows that the spike 
described in (3) is changed, the second limb being much more prolonged 
and being in most cases followed by a prolonged tail. 

(5) Nerve during catelectrotonus. No visible displacement in the 
meniscus is produced by the single excitation; the records show that 
in such nerves as give under normal conditions a spike, the spike is 
reduced to very small proportions and that in those which have the 
prolonged tail, this disappears to a very considerable extent whilst 
a small spike takes its place. 

The whole series of records obtained by the authors afford data 
for the accurate estimation of the time relations and k. M. r. of the 
excitatory changes in nerve evoked by a single stimulus and for the 
more precise determination of the alterations in those produced by 
the state of electrotonus etc. 
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Preliminary Account of the Effects upon Blood-pressure 
produced by the intra-venous Injection of Fluids containing 
Choline, Neurine or allied Products. By F. W. Mort, M.., 
F. R. S. and W. D. Hatirurton, M. D., F. R. S. 


(Second communication.) 


In the communication on this subject published last year“, we 
showed that cerebro-spinal fluid removed from cases of brain atrophy 
(particularly from cases of general paralysis of the insane) produces a 
fall of blood-pressure. We further stated that the material in the fluid 
that produces this effect is not proteid, nor is it of inorganic nature. 
It is precipitable by phospho-tungstic acid, and therefore probably 
alkaloidal. We also showed that dilute solutions of choline hydro- 
chloride produce the same effect upon blood-pressure. The related 
alkaloid neurine produces a different effect, a preliminary fall of 
pressure being usually followed by a marked rise. 

The work we have carried out since then, may be briefly sum- 
marised as follows: | 

1. The substance in the cerebro-spinal fluid which produces the 
effect is choline. Crystals of the platinum double salt, which are 
characteristic octahedra, have been prepared from the fluid and were 
exhibited to the meeting. 

2. The fall of blood-pressure which occurs is partly of cardiac 
origin. There is slowing of the heart, but this is often not very 
marked, and as tracings with Barnard’s cardiometer showed is accom- 
panied with an increased output. 

3. The main cause of the fall is vascular dilatation. This was 
investigated by the use of air-plethysmographs. In the case of the 
limbs, there is no evidence of active dilatation; the volume of the 
limb is in fact slightly diminished; this appears to be secondary to 
the general fall of arterial pressure. The same is true for the kidney ; 
the lever of the kidney oncometer falls with the blood-pressure. In 
the case of the intestines, however, there is marked vascular dilatation. 
The intestine oncometer we used, we owe to the ingenuity of Mr 
Arthur Edmunds, B.Sc., who has given us a good deal of assistance 
throughout our work. The instrument was exhibited in action to the 
meeting, and will shortly be described in a separate paper by Mr 
Edmunds, 

4. Although the principal interest in our work centres round the 
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fact that the toxic material in the specimens of cerebro-spinal fluid, in 
question, is choline, we have made a good many experiments on neurine 
as well. The primary fall in the arterial pressure is of cardiac origin ; 
the slowing of the heart and deepening of the respiration are very 
marked symptoms. Usually this is followed by a rise of pressure due 
to constriction of peripheral vessels. In some cases this latter phase 
is absent; and the heart remains permanently slowed and the animal 
may die. In some few cases using small doses (1 or 2 ¢,c. of a 0°1 per 
cent. solution of the hydrochloride) there is only the second phase, a 
rise of pressure with peripheral constriction of the intestinal and 
kidney blood-vessels, 

5. We have, thanks to the kindness of Dr Patrick Manson, had 
the opportunity of investigating the action of the blood removed by 
venesection from a case of Beri-beri. This is a nervous disease, accom- 
panied by great cardiac failure, vascular depression and cedema. A 
saline solution of the alcoholic extract of the blood produces a marked 
fall of blood-pressure with cardiac depression, and dilatation of the 
peripheral vessels of the splanchnic area. 


Unilateral descending disuse Atrophy of the fillet, arciform 
fibres and posterior column nuclei resulting from an experi- 
mental lesion in a Monkey. By F. W. Mort, M.D., F. R. S. 


Four years ago when making experiments upon the posterior 
column nuclei I made an attempt to divide the fillet unilaterally above 
the region of the pons. I succeeded in doing this as the specimens and 
photographs show; but the loss of functions and other phenomena 
observed after the operation cannot be attributed to this lesion alone ; 
as I have found by microscopical examination that I also injured the 
inferior quadrigeminal body, the external geniculate body and the 
optic thalamus; the lesion was however quite unilateral. The opera- 
tion was performed with a specially constructed knife which was inserted 
into the cranial cavity through an opening made in the occipito-atlantal 
ligament. The animal suffered with left hemiparesis, rhythmical tremors 
of the left hand and nystagmus, the oscillation being towards the right ; 
also hemianopsy, hemiplegia and hemianzsthesia of the right side. The 
right hemiplegia passed off in about a fortnight and it could then use 
this hand much better than the left. The other symptoms persisted 
for some months, but six months later it required very careful examina- 
tion to find anything the matter with it. The animal became a pet 
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and possessed great strength and cunning, dying from pneumonia three 
years after the operation. I attribute the nystagmus, rhythmical tremors 
and left hemiparesis to interference with cerebellar functions from the 
injury of the peduncles; the right hemianopsy to injury of the ex- 
| ternal geniculate body and the hemianesthesia of the right side to 
| the injury of the fillet and thalamus. As there is no trace of degene- 
ration in the crossed pyramidal tract, I think the right hemiplegia 
must have been due to the hemianesthesia and to functional disturb- 

ance in the motor fibres of the internal capsule. 
The brain was hardened in Muller's fluid, and sections cut in 
celloidin and stained by the Weigert and Carmine methods show a 
marked atrophy of the fillet in the pons of the left side, and atrophy 
of the interolivary layer; of the arciform fibres and posterior column 
| nuclei of the right side, the cells of which are much smaller and the 
=| fibres which come from them much finer than normal. Although there 
| is overgrowth of neuroglia tissue in these regions, yet strictly speaking, 
| this is not a degeneration in the sense of a breaking up in the myelin 
sheath and the axis cylinder, but a gradual wasting, exactly like that 

of a muscle when disuse has caused its atrophy. 
Similar appearances of secondary atrophy of the fillet from poren- 
cephalon have been described by Flechsig and Hösel, Mahaim and 
Alex. Bruce. Jakob has examined the brains of two dogs operated 
| upon by Prof. Goltz. In one there was complete interruption of the 
| fillet in the subthalamic region and a complete disappearance of the 
i fillet fibres below the lesion. In the other the subthalamic region 
| was not involved ; but there was complete destruction of the cortex 
} capsule and putamen. In this case there was not complete degene- 
1 ration, only a simple atrophy. He concludes therefore that there are 
| descending fibres in the fillet. It is of interest to compare this 
form of disuse atrophy and sclerosis with a primary degenerative 
i decay of the neurons accompanied by secondary sclerosis. In the 
former one does not find any formative proliferation of the neuroglia 
elements, it seems to be rather a gradual alteration and disappearance 
of the nervous elements without overgrowth of the neuroglia; certainly 
| the connective tissue element looks in excess because of the disappear- 
| ance of the nervous element; but the sclerosis is apparent rather than 
real. In the latter there is proportional to the degenerative decay of 
Wy the nervous elements a formative proliferation of the neuroglia cells, 

suggesting that the products of degeneration act as a stimulus. 

Jakob's observations, however, suggest that there may have been 
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some true descending degeneration in the fillet in my case, as well 
as disuse atrophy. 


Preliminary Note on the Motor and Inhibitor Nerve-endings 
in Smooth Muscle. By W. M. FLETCHER. 


The communication deals with some observations made eighteen 
months ago, which I have not yet been able to continue. 
Examination was made chiefly of the retractor penis muscle in the 
rat and the hedgehog (and of the less suitable caudo-vaginal muscle in 
the case of females). Langley and Anderson have experimentally 
demonstrated the double nerve supply of this muscle for the dog, and 
have shown the remarkably clear phenomena of its relaxation, following 
stimulation of the inhibitor fibres supplied to it from the nervus 
erigens. In the hedgehog I have found by experiment and dissection 
a similar double nerve supply to the two well-developed laterally placed 
retractor muscles, The motor fibres are derived from the lowest two 
thoracic and the highest two lumbar nerves. They have a long post- 
ganglionic course by way of the grey rami to the upper lumbar nerves 
and the pudie nerve. From the pudic nerve the motor fibres reach the 
retractor both by the genito-anal branch and by the nervus dorsalis 
penis. After section of the pudic nerve, stimulation, on the same side, 
of the appropriate spinal nerves or of the sympathetic below the level 
of the fifth lumbar ganglion gives no contraction of the retractor 
muscle. The inhibitor fibres are derived from the upper sacral roots 
and are contained in the nervus erigens. These have a short post- 
ganglionic course from the first pelvic ganglion to the retractor muscle. 
A marked relaxation of the muscle follows stimulation of the upper 
sacral roots. In the rat the retractors are two very delicate slips of 
muscle contained wholly within the pelvic cavity. Owing to the 
difficulties of exposure and the delicacy of the muscles it is not easy to 
demonstrate the nerve supply experimentally in this animal. Dissec- 
tion shows a double nerve supply exactly similar to that in the 
hedgehog. Stimulation of the pudic nerve causes shrinking of the 
muscle. Stimulation of the upper sacral roots causes flushing of the 
penis, but it is practically impossible to demonstrate the inhibition of 
the muscular tone of the retractor which may be assumed to occur at 
the same time. 
By use of the methylene blue method the nervous apparatus of the 
delicate retractor of the rat is excellently shown. The muscle was 
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| 
| 
| examined as usual in normal salt solution on a warmed slide, or by 
N means of an oil immersion lens when placed in a drop of salt solution 
N hanging from the lower side of a thin cover-slip. Permanent prepara- 


| tions were made according to the described methods of Dogiel and of 
| Bethe. 

The nerve-fibres supplying the muscle were seen to be arranged in a 

| superficial plexus formation on the surface of the muscle sheet. 
| In this plexus the fibres branch freely, but do not appear to anastomose. 
| Placed in close approximation to the fibres, and most commonly at the 
| nodal points of the plexus, are numerous oval nuclei (10—13½ by 3— 5 
in size), which resemble those in relation to the sheaths of the main 
nerve-fibres. These nuclei appear at a late stage in the methylene 
| blue staining and do not take part in the differential reaction. 
i] From the plexus formation fine branches pass inwards to form an 
inter-cellular network. This appears to be a true net structure 
formed by the branching and anastomoses of terminal nerve-fibres. 
The network is elaborate and close set, the muscle cells being embraced 
tl on all sides by a labyrinth of the finest branches of nerve-fibres. 

No nerve cells were seen, but it should be noted that at a late 
stage in staining many connective tissue cells on the surface of the 
muscle commonly became stained, and these with their long and 
usually varicose pseudopodia were not unlike the so-called “sensory 
nerve-cells” which have been described for smooth muscle by 
P. Schultz and others. 

In addition to this general account it should be said that 

(i) No evidence was obtained of terminal fibres leaving the 
network to end blindly or in a tapered point. The appearances of 
blind ends, that is to say, could usually be best explained, when 
present, as due to a limitation of the differential reaction or to a 
disappearance from the plane of focus, The terminal apparatus 
accordingly could not be described as a “tree” formation, and there 
were no indications that the inter-cellular network was not itself the 
terminal apparatus. 

(ii) No specialised end-organs such as ‘end-knobs’ or taches 
motrices’ were seen. 

(iii) No part of the nervous apparatus shown by the blue stain 
appeared to enter muscle-cell substance. The examination of sections 
of preparations fixed by Bethe’s method confirmed this. 

The previously published.accounts of nerve-endings in smooth 
muscular tissues are very numerous and conflicting. A great majority 
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of observers, including nearly all who have used the methylene blue 
method, have decided against the existence of specialised terminal 
end-organs. But whether the end-apparatus is a tree structure, 
without anastomoses, or a true network, with or without freely ending 
branches, is a question on which a much greater diversity of view 
exists. From the erratic nature of the gold chloride, silver nitrate and 
methylene blue methods, the appearance of blind endings is to be 
expected. I have frequently noticed in muscles prepared by the rapid 
Golgi method, that a nerve-fibre, not stained along its whole length, 
may appear to end blindly, or even to end in a knob, when the cessation 
of stain has occurred at one of the innumerable varicosities on its 
course. 

In a methylene blue preparation of the rat’s retractor, all the nerve 
fibres reaching the muscle appear to participate alike in the formation 
of the plexus and the terminal network. There has always been a 
striking absence of any indication that two modes of termination occur 
in the muscle to correspond with the two distinct sets of nerve-fibres 
which supply it, antagonistic in function. The network is apparently 
uniform throughout the whole muscle substance, and seems to be 
common to all the fibres which supply the muscle. There are no areas 
or islands of it to be made out in special regions of the muscle to 
correspond with different areas of nerve distribution. 

Attempts have been made to distinguish the double nerve supply 
within the end-apparatus by experimental methods. The pudic nerve 
of the rat was cut on one side and time allowed for degeneration. The 
two retractor muscles were treated exactly similarly by the methylene 
blue method and compared. It was then found that the retractor of 
which the motor fibres had been cut (by post-ganglionic section) 
showed the usual elaborate plexus and network. In every case after 
section of the pudic on one side, the two prepared retractor muscles 
could not be distinguished from each other on examination. The same 
result has been obtained in the case of the hedgehog. I have not yet 
been able to determine at what point the degeneration of the cut 
motor fibres ceases, if it do so, before the apparently normal superficial 
plexus on the muscle is reached. 

I have attempted to obtain degeneration of the end-apparatus by 
section of the fibres of both kinds supplying the muscle. Section of 
the inhibitor nerves is made difficult by the shortness of their post- 
ganglionic course, and unfortunately it seems impossible in the rat. 
In the hedgehog, in which the Ist pelvic ganglion is compact and 
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more easily reached, I have in a few cases cut the post-ganglionic 
inhibitor fibres by excision of the whole ganglion. In this operation 
the blood supply to the retractor muscle is not interfered with. 

In five hedgehogs I have excised the left 1st pelvic ganglion and at 
the same time cut the pudic nerve of the same side. The success of 
the double operation has been tested by subsequent experiment and 
dissection. After allowing at the least ten days for degeneration, the 
retractor muscles were prepared. It is unfortunate that in the hedge- 
hog the muscle is so much less suitable than that of the rat for 
preparation. In these five cases however pieces of the normal retractor 
showed well marked portions of the inter-cellular network, while no 
nervous elements at all appeared in the similarly prepared pieces from 
the other side, 

No reliance can be placed at present on this incomplete evidence. 
As an indication however that the peripheral nerve endings in the 
muscle did disappear when section of both the inhibitor and motor sets 
of nerve fibres was effected, it points to the non-existence of any local 
trophic centres within the peripheral end-apparatus itself. And, in the 
absence of such peripheral local trophic centres, some other cause must 
be found for the preservation of the end-apparatus after section of the 
motor fibres. Although foreign to present knowledge, it is perhaps 
conceivable that a network common to both sets of fibres should be 
preserved from degeneration through its continuity with one set, after 
its separation from the other. 

It may be noted here that the rate of degeneration of nerve-fibres 
in the hedgehog, as measured by the rate of succession of changes in 
the medullary sheaths, is very much slower than that in the rat or dog. 
The stage of degeneration reached in the rat or dog a week after 


section is not shown in the case of the hedgehog until three to four 
weeks after section. 


On Hemolymph and Hemal Lymphatic Glands. By SwaLe 
VINCENT. 


In an investigation upon the hemolymph glands in several verte- 
brate animals, made in conjunction with Mr H. Spencer Harrison’, 
it, was noted that in certain animals, ¢.g., rat and dog, some curiously 
mottled bodies were found in close relation to the splenic vein. They 


were lobulated and in colour partly red and partly pale yellow. In 


Journ. of Anat. and Physiol. xxx. p. 176. 


| 
| | 


SOCIETY, FEBRUARY 12, 1898. xli 


their minute anatomy, the “compound glands” of the dog as we called 
them, were found to have a greater resemblance to ordinary lymphatic 
glands than the corresponding bodies in the rat. Notwithstanding 
this, the peripheral sinus was in many cases crowded with red blood 
corpuscles; it contained, however, a much larger proportion of lymph 
corpuscles than was observed in the true hæmolymph glands of the 
herbivora. 

Since the above account was published I have examined a large 
number of dogs and find that these hemal lymphatic glands 
are fairly constant to the number of about half-a-dozen in 
the abdomen. I find also that they occur pretty frequently 
in the cat. The text-books say nothing of this variety of lymphatic 
gland, and, so far as I know, no other observer has mentioned them. 
This is strange, since both these animals are largely employed to 
provide lymphatic glands for histological demonstration. 

From further investigation of the nature of these varied forms of 
adenoid structures I feel justified in quoting the concluding paragraph 
of our former communication, “We believe that we have found 
gradual transitions from hemolymph glands on the one hand, to 
ordinary lymphatic glands, and on the other hand, to the structure 
of spleen. So that no hard and fast line can be drawn marking off 
these structures from one another. A lymphatic gland has only to 
contain blood in part or the whole of its sinuses to constitute itself 
one of the varieties of hewmolymph glands, In certain ‘accessory 
spleens’ moreover, the splenic reticulum is so widened out as to 
approximate to a blood sinus of a hemolymph gland, and the Mal- 
pighian bodies are so diffuse as to resemble the lymphoid portions of 
the blood-lymph glands. So that spleen, hemolymph glands, and 
ordinary lymphatic glands form almost a continuous series.” 

I have not so far studied the blood-supply to these glands by means 
of injection, nor have I succeeded in finding the blood-vessels in direct 
communication with the “lymph” sinuses of the gland, but from the 
large number of red corpuscles sometimes found in them, I am con- 
vinced that there must be such communications. 

I wish further to note here that I have found typical 3 
glands in close relation to the carotid artery in the monkey’. 


1 The “ head-kidney” of many Teleostean fishes consists of hwmal lymphatic tissue, 


but besides this I have found one or two typical haemolymph glands imbedded in the 
abdominal fat of the silver eel (Anguilla anguilla). 
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On the Anatomical Structure of the Vagus Nerve. By 
WAKELIN Barratt, M.D. 


The normal anatomy of the vagus was studied by comparing a 
series of sections made transversely at varying levels in the neck and 
upper part of the thorax. The nerve is made up of a variable number 
of bundles of nerve-fibres which undergo repeated rearrangements as 
the nerve descends, in this respect resembling the plexuses formed by 
the spinal nerves, for example the brachial plexus. At the level at 
which the superior laryngeal nerve leaves the main trunk, the inferior 
laryngeal, although its divergence from the main trunk does not occur 
until a much lower level is reached, is also generally readily recognis- 
able, and the presence of these two branches forms a characteristic 
feature of the transverse sections at this level. 

The nerve-fibres of the vagus consist of large medullated fibres 
87 to 12y in diameter, small medullated fibres 3°54 to 7u, and non- 
medullated measuring lw or 2½ to 4%½ across. The small medullated 
fibres contain relatively less myelin than the large medullated fibres 
and are more prone to become distorted and irregular in outline. The 
non-medullated fibres also frequently exbibit varicosities and readily 


tear or split longitudinally. The large medullated fibres preponderate 


in the pharyngeal and the laryngeal branches, especially the superior 
laryngeal, while some of the cardiac nerves consist almost exclusively of 
fibres of Remak. 

The inferior ganglion lies in the main trunk, near the base of the 
skull, in the form of an elongated mass from which one or more columns 
may descend among the nerve bundles below the level of the divergence 
of the superior laryngeal nerve. Slender columns of cells may also be 
seen occasionally in some of the bundles lying by the side of the main 
trunk at the level of the inferior ganglion. A large number of fibres 
lying in the main trunk or in separate bundles by the side of the main 
trunk fail to pass through the ganglion. In this respect and also in 
the appearances presented by the. cells themselves a close resemblance 
to a posterior-root ganglion is exhibited as opposed to a sympathetic 


ganglion. 
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The functions of the Pericardium. By HA ROI D L. BARNarp. 


In the dog and the cat the pericardium is not directly attached to 
the diaphragm. I propose to show that the function of this fibrous sac 
is to limit dilatation of the heart and to relieve strain upon the 
heart muscle, especially upon the right ventricle during diastole. The 
pericardium also limits passive dilatation of the heart. Its function 
in relation to the heart muscle is similar to that which the fibrous 
adventitial coat of the artery bears to the muscular middle coat. 

Eap. 1. Strips of the fibrous layer of the pericardium were sub- 
jected to traction. Result—It was practically inextensile. 

Ep. 2. The heart of a cat or dog was removed in its pericardium. 
The inferior vena cava, the great azygos vein and the roots of the 
lungs were tightly ligatured. Cannule were then passed down the 
aorta and superior vena cava into the ventricles and ligatured in 
position. The cannule were then connected by a T tube with one 
another and with a bicycle pump and a pressure gauge. The pressure 
was raised inside the system until the heart and pericardium ruptured. 
Result. The peticardium gave way at a strain of from 1} to 14 
atmospheres (950—1330 mm. Hg.). The pericardium usually tore 
away from its attachment to the great vessels. This is apparently the 
only part provided with nerves. The fundus of the pericardium did 
not rupture at a strain of two atmospheres, at this pressure the thick 
rubber tubes gave way. 

Eap. 3. The heart unsupported by its pericardium was treated in 
a similar manner. The heart ruptured at a strain of from 4 to 1 
atmosphere. The left auricular appendage was the weak spot. The 


* 
4 
6 
A 
+ 
of 
‘45 
7 
2 
AD 
~ 


xliv PROCEEDINGS OF THE PHYSIOLOGICAL 


right auricular appendage was protected from pressure by the aurienlo- 
ventricular valve. 

Conclusion. The pericardium can support a very much higher strain 
than aortic blood-pressure and will stretch very little before it ruptures. 

Exp. 4. A cat’s heart in its pericardium was prepared as in 
experiment 2 but the T tube was connected with a reservoir of normal 
saline solution controlled by a stopcock. The reservoir was 20 cm. 
above the heart. The heart was squeezed as empty as possible. 
Normal saline was then run in until the heart would take no more. 
The quantity was noted. The pericardium was then freely incised and 
turned back. The stopcock was then opened and the heart once more 
filled. 

Results. (1) A heart within its pericardium took 12 cc. and a 
further 11 cc. when the pericardium was opened. * 

(2) Another heart within its pericardium took 10˙5 cc. and a 
further 16 ce. when the pericardium was opened. 

This extra quantity of blood is chiefly received by the right auricle 
and ventricle. The left auricle does not distend because of the auriculo- 
ventricular valve. 

Rigor mortis rendered inaccurate the same experiment on a human 
heart. In one case a human heart took 3 ozs. more after removal of its 
pericardium. I have not yet obtained a human heart not in rigor mortis. 

Ewp. 5. The brain of a frog was pithed and the chest opened and 
pinned back upon a vertical frog board. A small slit was made in 
the pericardium. The abdomen was then squeezed. Result.—During 
diastole the heart herniated through the aperture. The effect was 
much increased by pithing the cord. 

Eap. 6. The same experiment (wfthout however destroying the 
cord and brain) was performed on cats and dogs under anesthesia and 
yielded the same result. 

Eap. 7. The chest of a cat was opened under anesthesia and after 
artificial respiration had been established. A slit was made in the 
pericardium. Chloroform was then pushed. The heart herniated 
through the aperture, especially during diastole. 

Conclusion. When a relaxed heart is subjected to a venous pressure 
of from 10 to 20 mm. Hg., the pericardium takes the strain and prevents 
dilatation of the heart beyond a certain point. Thus the mechanical 
disadvantages of dilated cavities and of a thinned wall are prevented. 

Zap. 8. The chest was opened after artificial respiration had been 
established. A cannula was passed down the superior vena cava into 
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the right auricle and connected with a mercury manometer writing on 
a drum. By means of a carotid cannula arterial blood-pressure was 
recorded immediately above the venous trace. The belly was then 
compressed with both hands. 

Results. (1) The right auricular pressure rose at once to about 
40mm.Hg. This rise was maintained. The back pressure effects of 
artificial respiration and the systole of the right ventricle were little 
marked. 

(2) A wound in the lung bled freely. 
(3) The arterial pressure rose rather more (50—60 mm. Hg.). 

The aorta was then occluded by the finger just above the diaphragm. 
Result.—The rise of arterial blood-pressure was not as great as during 
belly compression. 

1 Conclusion. The rise of arterial pressure during belly compression 
is due partly to compression of the abdominal aorta and partly to 
increased supply of blood through the lungs to the left ventricle. 

The pericardium was then freely opened and the belly compressed 


Results, (1) The right auricular pressure did not rise greatly. 
The pressure was not maintained. The back effects of the artificial 
respiration and the right ventricular systole were well marked. 

(2) The right heart was distended. 

(3) The wound in the lung did not bleed freely. 

Chloroform was then pushed. Result. The carotid blood-pressure 
fell but the right auricular pressure did not rise markedly. 

The belly was again compressed. 

Results. (1) There was a very great rise of right auricular pressure 
(40—50 mm. Hg.) and this was maintained and showed respiratory back 
effects. The right ventricular systole was not marked. 

(2) The aortic blood-pressure did not rise as much as before the 
chloroform. 

Belly compression at intervals as the chloroform ome off showed : 

(1) The rise of auricular pressure was less each time. 

(2). The trace of the right ventricular systole on the auricular 
pressure became more and more marked at each compression up to the 
point at which relative incompetency passed off. 

Conclusions. 1. During chloroform administration the blood had 
largely passed from the arterial to the venous side. 

2. A it had not raised the right 
auricular pressure. P 
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3. The rise of right auricular pressure on belly compression varies 
directly as the amount of blood injected from the abdominal veins and 
inversely as the available space to receive it in the heart and the 
competency of the heart to pass it on. 

4. The heart-wall was paralysed by the chloroform, otherwise with 
so ample a supply of venous blood and the splanchnic area simultaneously 
compressed the blood-pressure would have risen very greatly. 

Exp. 9. Confirmatory of above conclusions. A cat was prepared as 
in experiment 8 but the pericardium was at once opened and the belly 
compressed. Result. Very little rise of right auricular pressure. 

30 c.c. of normal saline were then injected down the venous cannula 
and the belly again compressed. 

Results. (1) Great rise of right auricular pressure. 

(2) Well-marked effect of the systole of right ventricle on the 
venous trace. 

Exp. 10. A cat was killed and immediately two cannule were tied, 
one up the portal vein and one down it. These were connected by a 
T tube with one another and with a vessel of defibrinated blood at a 
vertical height of 44 inches. The chest was opened and large cannule 
were passed down the thoracic aorta and inferior vena cava towards the 
abdomen. The abdominal aorta and vena cava were ligatured just 
above their bifurcation. The defibrinated blood was then allowed to 
flow into the portal vein. 

Results. (1) The blood flowed freely through the liver and ran 
from the vena cava cannula in the chest. 

(2) None reached the aorta although the mesenteric veins were 
distended down to the intestine. 

Eap. 11. In the same cat used for experiment 10 the liver was 
several times perfused at a pressure of 43 inches of blood from the 
portal vein to the vena cava, and from the vena cava to the portal. 
Result.—The blood flowed freely in both directions (40 c.c. in two or 
three minutes). It could not be determined in which direction it 
flowed with the greatest ease. 

Conclusions. 1. Compression of the abdominal vessels by the belly 
wall would readily empty the blood in the portal system through the 
liver into the right heart. 


2. In the event of a rise of right heart pressure the portal system 
would receive the blood. 


3. The portal system 2 be ö as a reservoir from which 
the heart is fed. 
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4. Perhaps the portal system is the storehouse of surplus blood 
during rest and sleep. With the onset of exertion it is emptied into 
the general venous and arterial circulation. 


General Considerations. 


1. Plethysmographic tracings of the heart taken with the peri- 
cardium open record only potential changes in the heart’s capacity. 
The pericardium under normal conditions would prevent dilatation going 
beyond a certain point. 

2. The sense of oppression in the chest on exertion when out of 
condition and in cardiac disease may be due to tension on the 
attachments of the pericardium where it is weakest and supplied 
with nerves. 

3. During powerful efforts the glottis is closed and the thoracic 
pressure is much the same as the abdominal. This may be done to 
relieve the strain on the pericardium and pulmdnary capillaries which 
a sudden and violent contraction of the abdomen alone would cause by 
injecting the contents of its veins into the right heart. 

4. The fact that the glottis is often open during epilepsy, tetanus 
and strychnine spasms probably accounts for the cedema of the lungs, 
hypostatic pneumonia, and even hemoptysis which occurs in these 
disorders. 

5. When the pericardium no longer supports the distended heart 
we have seen that the systole of the right ventricle becomes more 
marked on the auricular trace. We may infer that one of the 
functions of the pericardium is to prevent this relative incompetence 
of the tricuspid valve. 

6. During moderate and long-continued exercise such as running, the 
contraction of the belly wall alternating with compression of the lungs 
by the chest would powerfully assist the circulation without straining 
the heart muscle. The contraction of the belly wall we have seen can 
empty the blood contained in the abdominal reservoir through the right 
heart supported by its pericardium into the lungs. The ensuing and 
powerful expiration will tend to empty the blood in the lungs through 
the left heart into the aorta whence a large part of it rapidly reaches 
the abdominal veins to be once more pumped into the lungs. 

The motor power which drives the blood through the hepatic and 
pulmonary capillaries is derived from or is at least powerfully supple- 
mented by the belly wall and the expiratory muscles of the chest which 
are under volitional control. 


‘ 
* 
* 
5 
‘ 
~ 4 
14 85 


— 


xlviii PROCEEDINGS OF THE PHYSIOLOGICAL 


I wish to express my thanks to Mr Leonard Hill for much 
assistance and many valuable suggestions during the course of this 
research. 

Note. During the course of this research all experiments were 
carried out under morphia and chloroform anzsthesia. 


The nature of the suprarenal body of the Eel and the 
effects of its removal. By SwaLe VINCENT. 


It is generally acknowledged that extirpation of the suprarenal 
capsules in mammals (Brown-Séquard', Tiszoni“, and Oliver 
and Schäfer“) and in Frogs (Abelous and Langlois‘) is certainly 
followed by death. In these cases both cortex and medulla have been 
removed together, and it would be impossible to state how far the fatal 
effects were due to the loss of the medullary substance, and how far 
to the loss of the cortical. But Teleostean fishes, having only cortex’, 
seemed to offer an admirable opportunity of testing how far the cortical 
suprarenal glands were essential to the life of the animal. 

Among Teleosts the eel is practically the only fish available for 
this purpose; since in most species the suprarenal bodies lie on the 
dorsal surface of the kidney, and would be practically inaccessible 
during life. Again, the length of time an eel will live out of water, 
and its power of resistance to the shock of operation, render it peculiarly 
suitable for extirpation experiments. 

The eels were anzsthetised by being placed for a short time in 
chloroform water. The operations were performed as aseptically as 
possible but without the use of chemical antiseptics. An incision 
an inch or so in length was made to one side of the anus, reaching 
the middle line in front of this aperture. The abdominal cavity being 
opened, the edges of the wound were held apart by means of retractors. 
The gut was pushed over to one side and the ventral surface of the 
kidney laid bare. The suprarenal bodies were then picked out with 


1 Brown-Séquard, Journ. de la Physiol. T. 1. 1858, 

2 Tizzoni, Ziegler’s Beitriige vi. 1889, and Arch. Ital. de Biol. x. 

Oliver and Schäfer, Journ. of Physiol. xvmt. no. 8, p. 269. 1895. 

* Abelous and Langlois, C. r. de la soc. de Biol. 1891 ; also ibid. 1892 and Archives 
de Physiol. 1892, 

o Swale Vincent, Trans, Zool. Soc. Lond. xtv. Part iii. pp. 70 and 71, 1897; Proc. 
Birm. Nat. Hist. and Phil. Soc. x. parti. p. 8, 1896; Anat. Anz. XIII. Nr. 1 und 2, p. 48, 


1897; also ibid. xv. Nr. 5, p. 152, 1897; Proc. R. S. uxt. p. 72, 1897; Moore and Vin- 
cent, Proc. R. S. IxII. 
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a pair of fine curved forceps. After any bleeding had been checked, the 
wound was sewn up and dressed with a layer of flexible collodion. 

In three cases in which the animals have survived the operation, 
they have appeared quite lively soon after being put back in the tank. 
One survived 28 days, another 64 days, and a third was killed on the 
119th day. These experiments show that an eel will survive the 
operation of extirpation for a very much longer time than mammals 
or frogs, and the difference is so striking that one must attri- 
bute it to the absence of medulla in Teleosts, and must 
assume that the cortical gland is not absolutely essential to 
the life of the animal. The longest time that a frog will survive 
removal of its capsules is, according to Abelous and Langlois, 12 or 
13 days, and this period is shortened in the summer to 48 hours. 
Mammals usually die in a day or two. 

The validity of these experiments depends obviously upon the fact 
that all suprarenal material has been actually removed at the operation. 
This has been verified in two ways. In the first place, previous study 
of the anatomy of the organs in many individuals has shown that the 
suprarenals are never more than two in number. Secondly, all three 
animals have been carefully dissected post-mortem, and no trace of 
suprarenal bodies has been found to be left behind’. 

Pettit? has described a true pbysiological compensatory hyper- 
trophy of one suprarenal in the eel after the other one has been 
removed. This indicates a secreting function for this cortical gland. 
Pettit looks upon this organ in the eel as the fundamental type of the 
suprarenal capsule; but this view is quite untenable in the face of the 
facts that it has none of the characters of the double suprarenal of 
mammals and its removal does not cause death. 


By O. F. F. Grinsaum. 


The method consists in causing the alteration of pressure to change 
the electric resistance of a circuit which thereby produces an alteration 
in the potential difference of two points, which is recorded by photo- 
graphing the movements of a capillary electrometer. 

The method may be applied to several investigations, but here I 


1 For the animal which lived 119 days this statement has been verified by Professor 
Schäfer. 
* Pettit, “ Recherches sur les capsules surrénales.” These, Paris [Félix Alcan]. 1896. 
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shall only mention the apparatus necessary for the investigation of 
the changes of pressure in the chambers of the heart. 
A cardiac sound of special construction is required, consisting of 


OCC 


an ebonite cylinder in one side of which a circular hole is cut, this 
aperture is closed with an elastic membrane against which a circular 
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plate of pure amalgamated zinc rests, on the side opposite to it a 
similar plate is fixed. 

To these plates insulated wires are attached which pass up the tube 
of the sound; in order to allow negative pressures to be recorded the 
zine plate resting upon the membrane is fixed to it with a drop of 
india-rubber solution. The cylinder contains a solution of pure neutral 
zinc sulphate. 

This sound forms one arm of a Wheatstone’s bridge or Post-Office 
box as represented in the diagram: a capillary electrometer replaces 
the galvanometer. 

The sensibility of the instrument may be altered through a wide 
range by altering the ratios of the resistance and increased if necessary 
by increasing the magnification of the electrometer, or by multiplying 
the number of cells used. 

Any alteration in pressure on the membrane of the sound alters the 
distance between the two zinc plates and thus alters the resistance of 
the circuit which causes a movement of the electrometer. 

The resistance of the zinc sulphate solution in the cardiac sound 
will vary with the temperature, but that variation will be insignificant 

in comparison with that due to movement of the plate. 
The inertia of the instrument is extremely small, the movement 
consisting of a zinc plate weighing one-tenth of a gram through 
2 to 3 mm,, and that of the electrometer the inertia of which Burch 
has shown to be practically negligible. 3 

In purely qualitative experiments the sound may with advantage 
be modified by replacing the stationary zinc plate by one of carbon 
and fixing a needle to the plate resting against the membrane (which 
in this case may be very thin) so that the point rests upon the carbon 
plate. 

Alteration in pressure upon the membrane entails an alteration of 
that of the needle point upon the carbon, which alters the resistance of 
the circuit: here the inertia is only that of the electrometer. 

Purely isometric measurements of alterations in tonus of muscle 
may be made by adapting the principle of the second sound, the 
apparatus necessary is of too great simplicity to warrant description. 


A simple pulse pressure gauge. By G. Ouiver, M.D. 


The pulsations of the artery are transmitted through fluid con- 
tained in a small cylindrical rubber bag encircled by a resisting rim. 
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The flat lower end of the pad is applied to the artery, while the flat 
upper end of it is in contact with a solid disc connected with a circular 
spring recorder on which pressure is brought to bear. The instrument 
has been standardized from the mercurial manometer; and the read- 
ings it affords have been compared and found to agree with those of 
the manometer in animals. The maximum excursion of the indicator 
denotes the mean arterial pressure in mm. of mercury. The application 
of the instrument is very simple and easy; the observer merely re- 
quiring to press forward the dial part of it when the pulsations of the 
indicator begin to appear and gradually attain to a maximum excursion 
and as gradually diminish—the rise and fall of the motion being 
perfectly equable throughout. The certainty of reading the maximum 
point is greatly facilitated by the readiness with which the indicator 
can be made to travel backwards and forwards in the area in which it 
is obviously to be found. Differences of 5 mm. are quite easily made, 
and those of 24 mm. are discriminated without much practice in the 
use of the instrument. The maximum excursion is large; in an 
average pulse it being from 5 to 8 mm. and in a somewhat voluminous 
one attaining to 12 mm. or more. When over 6 mm. an air pad (which 
affords the same reading as the water pad) is conveniently used to 
reduce the motion to one half. The amplitude of the motion unfolds 
the character of the pulse—a point of some clinical importance. 
Though this pulse gauge may be used without any supplementary 
appliance, a simple form of rest is suggested which conduces to careful 
and accurate observation. It affords the mean blood-pressure in any 
exposed part of the arterial system, whether in the carotid, in the 
radial, ulnar, posterior tibial, or the temporal artery, or even in such 
small vessels as the arteria superficialis vole or the terminal portion of 
the ulnar artery in the hand. In fact observation made on the smallest 
arteries—especially when the radial pulse is full and bounding—affords 
very trustworthy and easily made readings. The instrument is also 
available for estimating the capillary pressure in the nail. From its 
portability and ease of application it is well adapted to clinical work. 
The delicacy of the readings it affords is shown not only by affording 
the blood-pressure in the small arteries, but by detecting all the gravity 
variations of arterial pressure, and by corroborating the postural differ- 
ences recorded by the arteriometer whether these are normal or are 
reversed. | 
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Syncope produced in rabbits by the vertical feet down 
position. By LEONARD HILL. | 


In 1868 A. Regnard’, suspended two rabbits, one in the vertical 
feet down, the other in the head down position. 

The former rabbit passed into a condition of fatal syncope in two 
minutes. 

Salathé“ in 1877 repeated this experiment, and determined that 
most rabbits die in 30 to 45 minutes when suspended in the vertical 
feet down position, some die in less than 15 minutes, and a few survive 
and are uninjured by suspension for two hours. 

The vertical head down or feet up position led to no bad results. 

I have repeated and confirmed these observations. The rabbits die 
with the symptoms typical of acute cerebral anemia. Loss of pupil 
reflex, convulsions, loss of the corneal reflex, nystagmus, ejection of 
feces, gasping respiration ensue. On touching the cornea reflex move- 
ment of the membrana nictitans (innervated by the cervical sympathetic) 
persists almost to the last. 

When the respiration ceases and the animals are moribund I find 
they are immediately restored by compression of the abdomen. 

If the abdomen be bound up previously with a Martin’s bandage, 
suspension in the feet down position produces no effects. 

This proves that death is caused by the descent of the blood into the 
abdomen, which in tame hutch rabbits is extremely large and patulous. 

Imagining that the toneless condition of the abdominal wall is in 
large measure due to captivity and want of exercise, I procured by the 
kindness of Dr Worthington some wild rabbits, which had been just 
freshly netted. 

In these animals the tone of the abdominal wall is much greater, 
and as far as my observations go at present it is clear to me that 
syncope is not rapidly produced in these (no more than it is in dogs 
and cats) by the assumption of the vertical feet down position. 

Hutch rabbits resemble patients who have lain for a considerable 
time in bed. The compensatory mechanism for the effect of gravity is 
in them greatly damaged. 

On recovery from the condition of syncope the hutch rabbits exhibit 
for a few minutes signs of paresis. The hind legs may give way under 
them; they frequently walk on the back of their forefeet ; they remain 
sleepy and unresponsive to external stimuli. 


1 Regnard. Rech. sur la congestion cérébrale. th. d. Stras. 1868, 
* Salathé. Trav. du lab, de Marey, III. p. 261. 1877. 
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On the relative power of various forms of proteid in 
conserving emulsions. By B. Moore and C. J. IL. KRUuBRHOLzZ. 


It is well known that proteid solutions possess to a certain extent 
the power of preventing the coalescence of fat globules in suspension, 
and hence delay the separation of emulsions. 

Pancreatic juice obtained from a permanent fistula has less emulsive 
power than that from a temporary fistula; the former is also poorer 
in proteids and it is probable that this may have something to do 
with the diminished action. In fact, Minkowski’ has expressed 
the opinion that it is chiefly to the proteid that emulsion is due. 
According to Kühne“ the emulsive power does not depend upon the 
alkali of the juice, for an emulsion can be obtained in a faintly acid 
solution. It has also recently been shown that very perfect emulsions 
may exist in the small intestine during fat digestion, in fluids of 
markedly acid reaction. But in such cases it was shown that soaps 
were also probably present in solution and that the acid reaction was 
due to weak organic acids“. 

So far as we are aware, no one has hitherto made any experiments 
to test how far this property is shared by proteid derivatives. We 
have experimented with solutions made from white of egg and blood 
serum, with alkali and acid albumin prepared from each of these, and 
with Witte’s peptone, consisting chiefly of deutero-albumose. 

Solutions of one in five of white of egg and serum were made up 
by diluting with tap-water. From these solutions the alkali albumins 
were made by heating with 1 per cent. of sodium carbonate, and the 
acid albumins by similarly heating with 2 per cent. in each case of 
hydrochloric and of sulphuric acids. The Witte’s peptone was used 
in 5 per cent. solution. As controls there were used tap-water, 
1 per cent. solution of sodium carbonate, and ‘2 per cent. solutions 
of hydrochloric and of sulphuric acid. 

Ten cubic centimetres of each of the above fluids were shaken 
in test tubes equally briskly in each case and for an equal length of 
time with 5 per cent. of olive oil (te. ‘5c.c.). Then the test tubes 
were allowed to settle and the appearances noted in each case. 

It was found that those tubes in which the oil had been shaken 
up with tap-water or diluted acid cleared almost instantly. The 


1 Bee Abelmann, Inaug, Diss. Dorpat. 1890. 
2 Lehrbuch d. Physiol. Chem. 8. 122. 
* Moore and Rockwood. Journ. Phys. xx1. p. 74, 1897. 
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solution of albumoses cleared in a few minutes, that of serum albumin 
within an hour, that of egg albumin became nearly clear in three to 
four hours. The solution of 1 per cent. sodium carbonate remained 
slightly clouded, but formed a marked contrast to the two solutions 
of alkali albumin from the white of egg and blood serum solutions 
respectively, which remained quite opaque several days after. The 
solutions of acid albumin also retained a permanent emulsion and 
were still white and opaque at the end of a week. In these solutions 
the reaction was markedly acid. 

Although the native serum albumin does not possess as much 
retaining power as the native white of egg solution the derived 
albumins made from it are distinctly more powerful than those 
similarly prepared from white of egg. This is seen more distinctly 
at the end of twenty-four hours and later, than in the beginning of 
the experiment. 

The forms of proteid with which we have experimented may 
hence be arranged in the following ascending order with regard to 
their power of maintaining emulsions: albumose, serum, white of 
egg, acid and alkali albumin. In this series albumose is practically 
inert, serum and white of egg have scarcely any action, while both 
alkali and acid albumin are very effective. Alkali albumin is slightly 
better than acid albumin, but the difference is probably due to the 
independent action of the alkali in forming soaps. At first, there is 
a marked difference between the alkali and acid albumin, but this 
nearly all disappears as the time increases after the shaking. 

If a mineral acid, such as hydrochloric acid, be added to a solution 
of alkali albumin, holding olive oil in an emulsion, in sufficient amount 
to redissolve the precipitated alkali albumin, the emulsion is not 
thereby destroyed but persists even in strongly acid solution. 

This experiment clearly shows that the precipitation of emulsions 
held in suspension by alkalies alone is not due to the solution becoming 
acid, but to the decomposition of the soaps, which are in that case the 
only agency for holding the fat globules in suspension, Similarly 
the fat globules are removed from milk by the addition of acid, 
because this precipitates the caseinogen which in the case of milk 
holds them in suspension; when the caseinogen is by any means 
dissolved again the fat globules once more pass into suspension, 
reforming an emulsion. 

It has been found by Abelmann! that after pancreas extirpation, 


1 Inaug. Diss. Dorpat, 1890. 
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milk-fat is the only form of fat which continues to be absorbed, and 
Neumeister’ attempts to explain this by an experiment which is 
intended to show that milk differs from other emulsions in its behaviour 
towards acids. 

Neumeister clotted milk by rennet and then dissolyed the clot by 
the action of pepsin and hydrochloric acid. He found that the acid 
fluid so obtained formed a very permanent emulsion, which was not 
destroyed by making it alkaline, followed by the addition of acid. 
This experiment does not show, however, that milk is essentially 
different from other emulsions, in acid solution the emulsion is retained 
by acid albumin, in alkaline solution by alkali albumin (or dissolved 
acid albumin). 


The action of acid and alkali albumins in so maintaining emulsions, — 


must be of service in the digestion and absorption of fats. Proteid 
food is invariably eaten along with fats, and as the fat becomes 
emulsified it will be maintained in a finely subdivided form by the 
action of the acid and alkali albumin simultaneously formed. The fat 
does not become much subdivided in the stomach, and hence the acid 
albumin formed here does not come much into action, but afterwards in 
the duodenum the alkali albumin present undoubtedly must aid 
in preserving the emulsion which is formed there. 


Intestinal epithelium and absorption. By E. WayYMouTH 
REID. 


The experiments concern the absorption of their own serum by dogs 
of 15 kilos and upwards, the events in an experimental and control 
loop of gut being simultaneously observed. 

Water, organic solids, and salts are taken up by the intestinal wall 
from the animal’s own serum, when the hydrostatic pressure in the gut 
is well below that in a mesenteric vein and hence below that in the 
capillaries of the villi. The result is the same when the lacteals of the 
loop are tied close to the mesenteric border of the gut. 

Normally the salts of the serum are absorbed slightly faster than 
the water, the organic solids considerably more slowly. 

The slower absorption of the organic solids is actual, and not merely 
apparent as the result of addition of organic solids from the succus 
entericus since it is observed in loops poisoned with atropine, and in 
a simultaneous experiment with atropine in the serum of one loop and 


Lehrbuch der physiol. Chem. 8. 336. 1897. 


‘ 
* 
| 
⁊ 
2 


SOCIETY, MARCH 12, 1898. lvii 


pilocarpine in that of the other (in molecular proportion), the organic 
absorption was faster, in proportion to the water absorption, in the latter 
than in the former. | 

Removal or poisoning of the epithelium in the experimental loop 
reduces or stops the absorption. 

Removal of epithelium is effected by temporary ligature (15 to 
20 min.) of the mesenteric vessels previous to the experiment, by 
washing the loop with distilled water at 38°C. instead of with normal 
saline, or by washing with 1 % solution of sodic fluoride to which sodic 
chloride is added till the freezing point of the normal saline solution, 
used in washing the control loop, is attained. 

In successful removals of epithelium, the physical phenomenon of 
complete absence of absorption of water from the introduced serum may 
be observed even after an hour's sojourn in the intestine, while 50°/, to 
60°/, of the water is taken up in the normal control loop. 

Any conditions depressing the activity of the cells tend to reduce 
the absorptive action, viz. aneemia (by blood letting, excitation of 
mesenteric nerves, or previous clamping of mesenteric vessels), drugs 
(atropine and pilocarpine), washing with weak osmic acid (0125 % ), etc. 

In reductions of absorption by any of the above methods, the 
absorption of organic solids of serum is slightly more reduced than that 
of water provided the epithelium is not grossly injured; in cases 
however where the epithelium is markedly poisoned or destroyed to 
considerable extent, the absorption of water is reduced far more than 
that of organic solids. 

In many cases the absorption of salts is slightly more reduced than 
that of water, but the ratios of salt absorptions to water absorptions have 
not presented such constant features as those of organic absorptions. 


The administration of suprarenal capsules by the mouth. 
By SwaLe VINCENT. 


(Preliminary Note.) 

Since Oliver and Schäfer found that the active principle of the 
suprarenal capsules was not destroyed by gastric digestion in vitro’, it 
has been assumed pretty generally that administration by the mouth 
is physiologically correct*, Having made myself familiar with the 


1 Journ. of Physiol. XVIII. p. 270. 1895. 
* See Rolleston, “ Goulstonian Lectures,” B. M. J. April 6th, 1895, 
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lviii PROCEEDINGS OF THE PHYSIOLOGICAL 


ö effects which can be produced in animals by intravenous and sub- 
N | cutaneous injections of extracts’, I considered that it would be im- 
portant to try to produce similar results by giving suprarenal capsules 
and decoctions made from them to animals by the mouth. So the 
following experiments were performed. 

(1) A medium-sized cat was fed upon 32 grams of sheep’s supra- 
renals (cortex and medulla together). After three hours, vomiting 
occurred, and no other physiological effects were observed. 

(Other cats which were tried, refused to touch the suprarenals.) 

(2) Rabbit, Wt. 13 K., was given 10 grams in the form of a 
watery decoction by means of a tube passed into the stomach. No 
effects. whatever supervened. 

(3) Same rabbit was given 20 grams by stomach tube as before, 
with similar negative results. 

(4) A dog, Wt. 3°75 K., ate 100 grams of raw suprarenal capsules 
of the sheep (cortex and medulla together). The animal did not vomit 
8 and suffered no ill effects. Two or three days subsequently the same 
; dog ate 200 grams’* without any noticeable result. 

(5) Rabbit, Wt. 13 K., was given a watery decoction of the 
medulla corresponding to 40 grams of sheep’s suprarenals. No results 
were observed. 

These experiments seem to indicate that in rabbits and dogs, at all 
events, the active principle of the N capsule is not absorbed 
when taken into the stomach. 


The vasomotor influence of the vagus on the small intestine. 
By J. L. Buxcn, M.D. 


These experiments have been carried out in rabbits, cats and dogs 
with the view of determining what vasomotor influences can be 
transmitted along the vagus. Some additional interest has been 

lent to the investigation by the uncertainty which prevails as to the 
paths by which those effects are produced that are seen on excitation 
of the depressor nerve in the rabbit and what corresponds to it in the 
cat. The isolation of these fibres in the cat is not difficult, and 
electrical stimulation of them produces a fall of general blood-pressure 
which is exactly comparable to that obtained on excitation of the 


1 Journ. of Physiol. XXI. pp. 111 and 270; Proc. R. S. uxt. 
2 This is equivalent to the capsules of about 25 sheep. 
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depressor in the rabbit. In view of the fact observed by Bayliss“ that 
in the rabbit the employment of chloroform as an anesthetic causes 
the centripetal stimulation of all sensory nerves to produce effects 
exactly similar to depressor effects, I have varied the anesthetic 
employed in various ways. Curare has been used in some cases, but 
not in all. The vasomotor effects on the intestine have been recorded 
by means of an extremely simple plethysmograph devised by Professor 
Schäfer, which consists of a gutta percha box with one side constructed 
of glass, so that the flushing or constriction of the intestinal vessels can 
be directly observed at the same time as a tracing of the vasomotor 
variations is obtained. This tracing is obtained by connecting the 
plethysmograph with a tambour or piston-recorder which writes on a 
smoked blackened surface. Attention is paid to the stopping of all 
hemorrhage before the intestine is placed in the plethysmograph, 
and to the prevention of cooling of the segment of intestine under 
observation. The ends of the intestine are left open, and precautions 
are taken to avoid the presence of any air within the segment of gut. 
When stimulating the depressor both vagi are divided, and when 
stimulating the peripheral end of the vagus in the neck atropine is 
injected intravenously. The vagi have been stimulated on both sides, 


in the neck and in the thorax. Particular attention has been directed 


to the question of vaso-dilator effects on the small intestine on vagus 
stimulation, but neither in the cat nor in the rabbit have I succeeded 
in obtaining such effects. This is all the more remarkable, since, in 
the dog where excitation of the central end of the vagus does not, as in 
the cat, produce as a rule depressor results but a rise of blood-pressure 
in the carotid, stimulation of the peripheral end of the vagus may 
under certain circumstances give rise to vaso-dilatation of the intestinal 
vessels. This vaso-dilatation I do not find to be present on excitation 
of the cervical vagus in the dog when considerable doses of atropine 
have been injected asinine that is to say, doses of 5 mg. or more 
in a dog of 7 kilos. 


1 Journ. Phys. XIV. p. 316. 
2 Of. Arch, de Phys. Avril 1896.—Hallion et Frangois Franck. 
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